4 ; i 
aR t ‘ }) 
- WOLUME4s _ 0! SJONE, 1959 NUMBER’ 3 
s a : { : : 7 
The Journal of 
j OFFICIAL ORGAN OF THE 
AMERICAN SOCIETY OF a aad wheeiadng hs 
4 FOUNDED ‘BY HENRY BALDWIN. WARD 
ie, oy) OTT OR 
Ae /ELERY R. BECKER 
/ ASSOCIATE EDITORS 
HAROLD W. MANTER 
- HERBERT T: DALMAT 
‘tap hy. (ASSISTANT EDITORS 
_ RAYMOND M. CABLE ', GLEN M. KOHLS ALLEN McINTOSH 
QUENTIN M.GEIMAN .. |’. ‘GEORGE R» LA RUE CLARK P, READ 
CL, DeGIUSTI ROBERT M. LEWERT RALPH E. THORSON 
CHAUNCEY 'G, GOODCHILD R. BARCLAY McGHEE PAUL P, WEINSTEIN 
5 
eS ty ; ’ 








“AMERICAN SOCIETY OF PARASITOLOGISTS 
OFFICERS AND COUNCIL MEMBERS - 
’ President: AurevQ. Foster’ ~ |. | Secretary: Raut E. Trokereost 
Beltsville, a Pieler es Fo inagy 
Treasurer: Martin J; Uren 
Dept. of Zoology and Entomology 
Towa State College -- 
- Ames, Iowa ~ 
a Custodian: Wrzrorn S. BAILey 
pe wiates 91 ROBERT M. Srasier School’ of Veterinary ov 
of Biology, Colorado College f Alabama Polytechnic Institute. 
Springs, Colorado + Auburn, Alabama 
‘Editor: Exmey R. Becxer 
Dept. of Microbiology, Division of Life Sciences 
Arizona State University, Tempe, Arizona nnd 
‘Council Members-at-Large: Paul P, Weinstein, Donald V. Nidieth, Pal.’ Beaver, Frantis'), 
Kruidenier (also Representative of the Annual*Midwestern Conference’ of Parasitologists: for 
1959), Ralph V.. Bangham, Louis J. Olivier, Gordon’ H. Ball, Dale A. Porter. _ Non-Voting 
Council Representative of Southern California Parasitologisi.: Marietta Voge. 
Persons in the American’ Society ‘of Parasitologists taay obtain 
applicatian able fromthe Ae eee eer eee 
incited eee se ee (! Ds 


THE JOURNAL OF PARASITOLOGY 
The Journal of Parasitology, published bi-monthly, i is both the official organ of the American 


Society of Parasitologists ard a medium for the publication of the results of research in the field me 


of animal parasitology. me 

Manssetghs cheated tot pabdicantod sing be stsik'to tek Tetitor be other member of the 

Editorial Board with the understanding that they are to be published exclusively in the Journal 
otherwise arranged 


in advance. “All papers received will be submitted to competent 


Tnanusrips should be addressed to the Editor (address above). 
Mocca should be typewritten, double-spaced, with wide margins at sides, top and © 
bottom, and with tables 


and illustrations. in finished form.) Sentences should be concise and _ 


clear, arid the text should be as condensed\ as possible.because of-mounting costs of publication. 
Title, author, address, etc., as-well'as footnotes, should appear on a separate sheet. Footnotes 
should be avoided whenever- possible. Each table requires a stparate sheet. Tables should be 
simple, since complex ones are difficult to inspect. 
Tabulation should be avoided when the material can as well be summarized in the text. 
duplication or triplication of data in text, tables and graphs should also be avoided. 
Sharp, contrasty, glossy photographs of plates’ that’ will fit into a 9- x 12-inch envelope should be 
sent instead of the originals, since the fatter have often been badly damaged in the: mails. _ 
Figures should be arranged within a 5-x8-inch area or multiple thereof. Legends for figures 
should be typed'on a page, séparate from the text and illustrations. Greek characters and 
should be avoided on account of cost, ; 


= EF Whiner: leaihothe! Usdinecmilibd eax'ty Via tehgny. ea (the uiaciae Ak bj 
‘agheteeel wie larson, hesttot cok tea tore: ts atch preaeatad. Long articles and = 
those with an unusually large number of plates can be published only with the financial coopera- 
tion of the author. ~ 
Reprints may be purchased at cost from the printer if the? are ordered when the glley | 
PR pone Die ir Jost in the mails must be received by the Treasurer within, . 
60 days of the mailing date. very overseas must be at the subscriber's risk. Change pt 
address must be received by the Treasurer 2 weeks prior to mailing date. : 
The subscription price fot the Journal is $9.50 domestic, $10,00 foreign. Orders ‘should ‘be 
addressed to the Treasurer (addres; above). 
SRD A Custodian (nddress 
above 
Entered as second-class myn hy ye ah 1932, Py os F aay office at Lancaster, Pa., 


“ifs 








The Journal of Parasitology 


Volume 45 JUNE, 1959 Number 3 














THE ULTRASTRUCTURE OF THE INTESTINAL WALL OF 
ANCYLOSTOMA CANINUM 


H. G. Browne ANpD A. B. CHowpHurRY* 


Departments of Pathology and Public Health and Preventive Medicine 
New York Hospital—Cornell Medical Center, New York 


In the course of our study of the ultrastructure of helminths the architecture of 
the intestinal wall of A. caninum attracted our attention. Anatomical details of the 
intestine in hookworm and other nematodes have engaged the active interest of many 
investigators whose purpose was to resolve a dispute that exists even today. The 
crux of this controversy, for all intents and purposes, is the presence of cilia in the 
organ. 

Looss (1904) cited, and agreed broadly with Leuckart, who demonstrated that 
the intestine in hookworm had an outer tunica propria and an inner cuticular lining 
broken up into fine bristles. Between these two were found very large cells with 
many nuclei, each embracing one half the circumference of the intestine, so that the 
organ was composed of only 2 longitudinal rows of cells. Leuckart’s observations 
were confirmed by Schultess (1882). Looss emphasized that in this cellular layer 
the large nuclei were few and appeared wrinkled with notched margins. The small 
nuclei were numerous, of various sizes, and irregularly distributed. He observed 
that the cuticular layer of the intestine had a deeply staining homogeneous basal 
lamella, always distinguishable from the rest of the layer, which stained lightly. 
This lightly staining portion, although continuous, showed fine transverse striation, 
while in specimens not fixed alive it was broken up into a layer of bristles. 

This description is in general conformity with the structure of the intestine of 
many nematodes except for the variation in number, shape, and size of the cells. 
Hetherington (1923), investigating Protospira muris, contradicted the observation 
of Looss and showed evidence to suggest that bristles were present on the inner 
lining of the intestinal wall irrespective of the age of the specimen but that their 
demonstration depended upon the nature of fixative used. This led him to believe 
that he was dealing with a ciliated intestine. Nevertheless, the idea of the existence 
of cilia in a nematode intestine has yet to meet with general acceptance. 

This paper records observations with the electron microscope on the intestine of 


MATERIALS AND METHODS 


Living specimens of adult A. caninum (made available through the courtesy of Drs. Frank 
Ehrenford and Carl A. Bunde of Pitman Moore Company, Indianapolis, Indiana) were washed 
in physiological saline, cut into lengths of approximately 2 mm, and fixed in Palade’s fluid with 
and without 5% sucrose for different periods, 1 hour and 2 hours, and at different pH’s, 7.4 and 
8.2. Sections were cut with a Porter-Blum microtome, and observations were made with the 
RCA EMU 3b electron microscope at 50 and 100 KV. Correlative observations were made with 
a light microscope on alternate sections 1-2 microns thick, stained by the Feulgen technique and 
with Giemsa stain. Stained and unstained sections were observed with a phase contrast micro- 
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scope. Sections of specimens fixed in chilled 80% alcohol and embedded in paraffin were also 
stained by Feulgen’s method and examined. 


OBSERVATIONS 


Sections of the worm stained by Feulgen’s technique and with Giemsa and exam- 
ined with a light microscope as well as unstained sections examined with phase con- 
trast revealed that the intestine was composed of a multinucleated cellular layer. 
This enclosed a lumen lined by a finely striated border in which individual rods were 
occasionally demonstrated (Fig. 1,2). Between the cellular and striated layers was 
found a zone having an outer interrupted layer of confluent masses and an inner con- 
tinuous sheet, apparently penetrated by the roots of the rods. The peripheral zone 
of the cellular layer, bounded externally by a well defined membrane, was relatively 
more compact and homogeneous than the rest, which was quite granular. No inter- 
cellular boundary could be detected to indicate the number of cells in a given cross 
section of intestine. The cellular layer contained a number of nuclei, large and small, 
of bizarre shape, and irregularly distributed throughout the cytoplasm. (Figs. 1, 
2, 3). 

The finer details of the components of the intestinal wall described above were 
elucidated by electron microscopy. The granularity of the cytoplasm was accounted 
for by an abundance of mitochondria (Fig. 4). The peripheral homogeneous zone 
was principally composed of closely packed endoplasmic reticulum (Fig. 5) and 
contained only occasional mitochondria. The prominent outer cell membrane, meas- 
uring 0.3 microns in thickness, was sharply demarcated and appeared structureless. 
Observation of the internal structure of the nuclei revealed nothing extraordinary. 
The irregular notching of the nuclear membrane was sometimes evident. (Fig. 6). 

Of particular interest were the structure and relative disposition of the compo- 
nents of the inner striated border. This was composed of well-defined rods (Figs. 
7,8). Each rod contained a maximum of 9 peripheral shafts and 2 central ones. 
At the base of the rods the shafts passed beyond the inner cell membrane and tra- 
versed a distance of about 0.6 microns through electron-dense plates before they ter- 
minated in similar dense bodies beneath (Fig. 9). These bodies lay against the sur- 
face of a homogeneous zone interrupted in places and distinct from the rest of the 
cell. This zone was relatively uniform in thickness (Fig. 7). It was composed of 
confluent masses of slightly osmiophilic material (Fig. 10), and was traversed by 
irregular dense lines which may represent the fused surfaces of adjacent masses 
(Fig. 10). Occasional oblique sections showed that the interruptions in this zone 
were due to oval, circular, or iregularly notched openings. Each of these openings 
was found to enclose shafts of several rods which overlay it (Fig. 11), whereas there 
were rods whose shafts were not accommodated in any opening. 


DISCUSSION 


The light-microscopic observations on the general architecture of the intestine of 
A. caninum detailed above are broadly in agreement with descriptions made by other 
investigators. Of the electron-microscopic observations enumerated the most sig- 
nificant is the organization of the internal lining of the intestinal cells, the striated 
border. Presence of shafts, 9 peripheral and 2 central, contributes to a structural 
arrangement that may be construed as the well known one of cilia (Fawcett and 
Porter 1954, Bradfield 1955, Porter 1956). The electron dense plate through 
which the shafts pass represents the basal plate, while the one receiving them cor- 
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responds to the basal corpuscle or granule. This structural configuration clearly 
differs from that of microvilli which possess neither shafts nor any of the basal com- 
ponents of a cilium. 

Hetherington, who advocated the possible existence of a ciliated intestine in 
nematodes discussed the past views on the subject. His support for the presence of 
cilia was based on his observations on Protospira muris. In stained specimens he 
could distinguish the long cilia, an indistinct row of basal granules, and additional 
components that made the cells of the intestine structurally resemble other ciliated 
cells. He could not, however, detect any active motion of these cilia. Absence of 
motility, he thought, might be attributable to a lack of optimum temperature and 
composition of the fluid in which the cells were immersed. Hetherington suggested 
that the cilia in nematodes represented a legacy from a more primitive condition of 
active ciliation. This made him conceive of a phylogenetically close relationship 
between nematodes and rotifers. Modification, if any, of nematode cilia, he sug- 
gested, could have taken place during evolutionary transition of the worm to its 
present state from a primitive nematode, having, as rotifers, a completely ciliated, 
non-muscular digestive tract. Chitwood (1931) also presented evidence which he 
thought might be compatible with this view of Hetherington. However, in spite of 
these the question of ciliation in nematodes remained undecided. 

Observations with the aid of the electron microscope recorded above indicate the 
presence of a ciliated intestine in A. caninum. This however is not intended to imply 
that all nematodes must possess a similar structure. Peebles (1957) failed to detect 
cilia in Rhabditis strongyloides with the aid of the electron microscope. Our study 
of several other nematodes is not yet complete enough to provide a decisive answer to 
this question. Should a variation in this structure in different species of nematodes 
be encountered it may indicate transitional stages in the course of evolution. 


SUMMARY 


1. The structural components of the intestinal wall of A. caninum have been 
studied with the aid of the light and electron microscopes. 

2. Electron microscopy has disclosed that true cilia line the intestinal lumen of 
A. caninum. The fine structure of the cilia has been illustrated and described. Pos- 
sible phylogenetic significance of ciliation in nematodes has been discussed. 
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EXPLANATION OF FIGURES 


Figure 1. Phase contrast micrograph of section of intestine of A. caninum. sb, striated 
border containing rods. is, inner continuous sheet perforated by roots of rods. i, interrupted 
layer of confluent masses. om, outer cell membrane. ph, peripheral homogeneous zone. g, gran- 
ular zone. n, nucleus. x 710. 

Figure 2. Phase contrast micrograph of section of intestine of A. caninum as shown in 
Figure 1 at a higher magnification. x 1200. 

Ficure 3. Light micrograph of paraffin embedded section of intestine of A. caninum stained 
by Feulgen’s technique. Nuclei, n, containing Feulgen positive material are demonstrated. x 690. 
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Ficure 4, Intestine of A. caninum. Cellular layer showing mitochondria in the granular 
zone, g, the peripheral compact homogeneous zone, ph, composed of closely packed endoplasmic 
reticulum, and the outer cell membrane, om. x 10,000. 

Figure 5. Higher magnification of cellular layer showing endoplasmic reticulum. ~ 20,000. 

Ficure 6. Intestinal wall of A. caninum showing notching of nuclear membrane, nm. 
x 2,500. 

Ficure 7. Intestine of A. caninum showing opposing walls with rods, r, inner cell mem- 
brane, im, and interrupted homogeneous zone, i. ~ 10,000. 





Figure 8. Cross sections of the striated border of the intestinal wall of A. caninum show- 
ing peripheral shaft, ps, and central shafts, cs. 220,500. 
Figure 9. Intestine of A. caninum showing basal plate, b, basal corpuscle, c, and shafts, s. 


x 110,000. 
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Ficure 10. Intestine of A. caninum showing interrupted homogeneous zone composed of 
confluent masses, cm, and dense lines, 1, possibly representing fused surfaces of adjacent masses. 
x 10,000. 

FicureE 11. Oblique section of the interrupted layer of the wall of the intestine of A. cani- 
num, showing openings, 0, in homogeneous zone, i, which enclose shafts, s, of overlying rods. 


x €0,000. 





RESEARCH NOTE 
A METHOD FOR PREPARING WHOLE MOUNTS OF MICROSCOPIC HELMINTHS 


In the cultivation of the newly hatched larvae of Ascaris lumbricoides suum, the surviving 
worms were isolated, fixed and later stained for the study of development. The larvae measured 
from 10-25 microns in diameter and from 225-350 microns in length. In some cultures of long 
duration there were few surviving worms, so that it was important that none be lost in handling. 
Several preparation techniques were found to be impractical, since larvae were wasted in 
processing. However, a technique was developed by which even a single larva could be carried 
through the staining and mounting steps. 

A hole 1/16 inch in diameter was ground 1/16 inch deep in the center of a small U.S. 
Bureau of Plant Industry watch glass so as to form a shallow well, as is shown in Figure 1. 

















ee QY 


Ficure 1. Section of watch glass showing well. 


Caps for this well were made as follows: first, tiny, evenly spaced holes were punched in thin 
sheet cellophane with the tips of minuten nadeln; then, discs slightly over 1/16 inch in diameter 
were stamped from this perforated sheet with a metal punch. 

Larvae were pipetted from the fixing solution into the watch glass and, under the dissecting 
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microscope, were maneuvered into the well, using one of the minuten nadeln cemented to a 
glass rod as a “pusher.” When the larvae were in the well, the hole was capped with a perfo- 
rated disc. To do this, the disc was wet by placing it under the surface of the liquid ‘1 the 
watch glass, to one side of the well; then, (using 2 needles) it was slipped over the top of the 
well and pressed down into the cavity with even pressure until it almost touched the bottom. 
As it was pushed into the well, the circle of cellophane was bent up slightly around its circum- 
ference. 

Larvae could not be flushed out of the well from their location under this cap. Conse- 
quently, solutions could be changed quickly in the watch glass. Ten- to 20-minute intervals 
were allowed for each step in the staining and clearing procedure in order to permit the diffu- 
sion of new solutions through the holes in the cellophane cap and to provide for infiltration of 
the solutions into the larvae. KOH, stain (Delafield’s hematoxylin), the alcohols and the clearing 
agent (cedarwood oil) did not affect the cellophane cap other than to discolor it. 

When the larvae were to be withdrawn, the clearing agent was removed from the watch 
glass down to a level slightly above the top of the well. Then using needles, the cap was lifted 
gently from the hole and placed alongside the well. Larvae were removed from the well with 
a micropipette and transferred to a microslide. Any larvae remaining in the well after the Ist 
transfer were resuspended with a drop of clearing agent and withdrawn by micropipette as 
before. If larvae were found adhering to the cap which had been removed from the well, they 
were gently pushed off into clearing agent with a needle, picked up by a micropipette, and 
transferred to a microslide with the other larvae. A drop of mounting medium was added to 
the microslide and the larvae were centered in the liquid before the cover glass was applied. 

Using this technique, single specimens could be carried through the numerous steps involved 
in the staining and mounting procedure. 

(Supported in part by a research grant, E-1037, from the National Institute of Allergy and 
Infectious Diseases, Public Health Service.)—THomas D. Pitts, Department of Biology, Loy- 
ola University of Los Angeles, Los Angeles, California. 


HETERODOXUS SPINIGER (MALLOPHAGA: BOOPIDAE) 
FROM CATS IN SINGAPORE 


Heterodoxus spiniger (Enderlein) is well known as an ectoparasite of dogs in many parts 
of the world. Vogelsang (1954, Bol. Ent. Venezol. 9: 55) has pointed out that records of H. 
longitarsus from dogs are also almost certainly misidentifications of H. spiniger. The species, 
however, has apparently never been recorded from cats. In April, 1958, a batch of kittens, kept 
for experimental purposes in this Department, were found by Mr. J. Schacher to be infested 
with Mallophaga, which on examination proved to be H. spiniger. The identification was 
subsequently confirmed by Miss T. Clay of the British Museum (Natural History). The 
infestation was not accidental, since a number of kittens were infested, and some 50 lice were 
collected, of both sexes and in various stages of growth. The infestation was, presumably, 
initiated by lice from dogs in an adjacent animal house. The rather poor physical condition of 
the kittens and the artificial conditions of their maintenance may have helped establish the infest- 
ation—Dona.p H. Coxtess, Dept. of Parasitology, University of Malaya, Singapore, 3. 








GASTROINTESTINAL HELMINTHS OF RACCOONS (PROCYON 
LOTOR) FROM OSSABAW ISLAND, GEORGIA* 


HELEN E. JorDAN AND FRANK A. HAYEs 


Department of Pathology and Parasitology, School of Veterinary Medicine 
University of Georgia, Athens 


An exceedingly high number of raccoons (Procyon lotor) inhabit one of the 
coastal islands of Georgia (Ossabaw). This area constitutes approximately 25,000 
acres of “high-ground” in addition to an abundance of marshland, which affords an 
excellent habitat for many forms of wildlife. The privately owned island is 1 mile 
from the nearest adjacent land (St. Catherine’s Island) and about 7 miles from the 
mainland. A swift tidal current prevails between these areas which probably pro- 
hibits the crossing of most terrestrial mammals. 

On Ossabaw Island there is an abundance of white-tailed deer (Odocotieus vir- 
ginianus), fox squirrels (Sciurus niger), grey squirrels (Sciurus carolinensis), 
mink (Mustela vison) and a few otter (Lutra canadensis). This island is void of 
opossums (Didelphis marsupialis), bob-cats (Lynx rufus), skunks (Mephitis 
mephitis), beavers (Castor canadensis), black-bears (Euarctos americanus) and 
foxes (Urocyon cinereoargenteus or Vulpes fulva), which commonly inhabit the 
remote coastal plain regions. Some domestic livestock, including cattle, swine, 
horses and dogs is maintained and produced on the island. 

In view of the rather unusual circumstances and mammalian fauna of the de- 
scribed area, a helminth survey was made. This report is presented as a contribu- 
tion to the existing knowledge on parasitism in wildlife and its ecological relation- 
ship to P. lotor. 

MATERIALS AND METHODS 
Animal Collection 


One hundred raccoons were collected for this study during the months of January, February 
and March, 1957. Shortly after shooting the animals (22-caliber rifle), the entire viscera were 
stripped from the thoracic and abdominal cavities and preserved in 10% formalin. The fixed 
specimens were kept 10-16 months before examination; however, when examined each specimen 
appeared to be in an excellent state of preservation. 


Parasite Collection 

Each specimen (lungs, heart, liver, gall bladder, pancreas, kidneys, esophagus, stomach and 
the small and large intestines) was separated and examined for gross pathological lesions. The 
organs were opened through their natural cavities and searched for helminths, which were not 
found in any other than the digestive system. The contents of the alimentary tract were washed 
into a container and the mucosa was scrapped with a glass slide to assure removal of the small 
worms. Since the smaller parasites did not readily settle, the material was washed through a 
No. 25 U. S. Standard Sieve (710 micron screen). Three 10-ml samplings of this strained mate- 
rial were examined and the total number of parasites for the entire volume was computed from 
the number of parasites recovered by the sampling technique. The material which did not pass 
through the sieve was washed, allowed to settle and decanted repeatedly until the residue had 
cleared sufficiently to permit examination under a stereoscopic microscope. All worms collected 
were counted and identified. 


Received for publication September 19, 1958. 

* This investigation was supported by the Southeastern Cooperative Deer Disease Study, an 
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ginia, and the U. S. Fish and Wildlife Service. 
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RESULTS 


Procyon lotor from Ossabaw Island were found to be hosts for 7 species of 
helminths (1 trematode, 1 cestode, 1 acanthocephalan and 4 nematodes), all of 
which occurred in the gastro-intestinal tract. One or more species were recovered 
from 87 of the 100 raccoons examined. Each species is briefly discussed. 


TREMATODA 
Carneophallus turgidus Leigh, 1958 


This fluke was recovered from 60 of the animals examined, and the number of 
parasites per host ranged from 3 to 10,590 with an average of 1,873. All of the 
trematodes were located in the small intestines. Leigh (1958) recently described 
this microphallid from 2 raccoons of the Everglades region of South Florida. This 
report identifies Leigh’s species and extends its range to include one of the coastal 
islands of Georgia. 

CESTODA 
Atriotaenia procyonis (Chandler, 1942) Gallati, 1956 


Adult tapeworms were recovered from the small intestines of 9 raccoons, with 
an average of 4 worms per animal. Leigh (1940) first recorded a tapeworm of the 
genus Oochoristica from the raccoon in IIlinois. Later Chandler (1942) described 
Oochoristica procyonis from this host in East Texas. The parasite has since been 
reported from Wisconsin (Schiller and Morgan, 1949), California (Voge, 1955) 
and Ohio (Gallati, 1956). Gallati transferred the species to the genus Atriotaenia. 


ACANTHOCEPHALA 
Macracanthorhynchus ingens (v. Linstow, 1879) Meyer, 1932 


Acanthocephalan specimens were found in the small and large intestines of 54 
of the animals examined. Infections were predominantly in the small intestines and 
the number of worms ranged from 1 to 72, with an average of 8 per host. Reports 
of this parasite from raccoons have been made from East Texas (Chandler, 1942 
and Moore, 1946), Pennsylvania (Chandler and Melvin, 1951), Connecticut (Pen- 
ner, 1954), Maryland (Herman, 1955) and Virginia (Holloway, 1957). 


NEMATODA 
Arthrocephalus lotoris (Schwartz, 1925) Chandler, 1942 


These hookworms were recovered from the small intestines of 22 raccoons, and 
their number ranged from 1 to 16, with an average of 6 per host. This nematode was 
first described from Maryland (Schwartz, 1925) at which time it was named Unct- 
naria lotoris. The helminth later was placed in a different genus (Arthrocephalus) 
by Chandler (1942) who reported it from East Texas. The parasite since has 
been reported from Michigan (Stuewer, 1943) and Oregon (Senger and Neiland, 
1955). Webster (1956) has proposed a new genus, Placoconus for Arthrocephalus 
lotoris, however, since an extensive taxonomic review of the family Ancylostomidae 
was not made the authors prefer to use the name proposed by Chandler. 


Molineus barbatus Chandler, 1942 


This small nematode was found in 21 raccoons and it ranged in numbers from 1 
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to 126, with an average of 10 per host. All specimens were recovered from the small 
intestines. This species was first described from raccoons of East Texas (Chand- 
ler, 1942), and in so far as the authors are aware additional accounts of the parasite 
have not been published. 


Physaloptera maxillaris Molin, 1860 


This nematode was found in 5 of the raccoons examined. The parasites were 
recovered from the stomach and small intestines, and ranged in numbers from 1 to 
4, with an average of 2 per host. Although this helminth has been reported from a 
number of mammals, existing records show only 2 accounts of infections in raccoons. 
These were from New York (Ingram, 1941) and Illinois (Morgan, 1941). 


Gnathostoma procyonis Chandler, 1942 


Four of the raccoons examined were found to be infected with Gnathostoma 
procyonis, and on each occasion the nematodes were located in small nodules be- 
tween the submucosa and muscularis of the stomach. The olny previous reports of 
this helminth have been from East Texas (Chandler, 1941, 1942). 


DISCUSSION 


It appears that the entire helminth fauna of raccoons on Ossabaw Island has 
been previously reported from 1 or more of 13 States. These include: Florida, Illi- 
nois, Texas, Wisconsin, California, Ohio, Pennsylvania, Connecticut, Maryland, 
Virginia, Michigan, Oregon and New York. It is of some interest that 5 of the 7 
helminths recorded in this study have been described from East Texas. With 
exception of Carneophallus turgidus, which only recently has been reported from 
Florida, this account adds the extreme southeastern region of the United States to 
the existing records on the geographical distribution of all parasites found in this 
survey. 

In making the examinations for helminths the nature of the material found in 
the stomach was observed. Identifiable food-substances consisted predominantly 
of palmetto seeds and fiddler-crabs. Various unidentifiable plants, fish (probably 
mullet) and arthropods made up the remainder of the diet. A correlation could not 
be made between stomach contents and the type or degree of parasitism. 

From gross observations, clinical evidence or lesions of disease were not detected 
from 96 of the 100 subjects examined. The 4 animals infected with Gnathostoma 
procyonis afforded an exception in that tumor-like growths (1-2 cm in diameter ) 
were found associated with these parasites. In each incidence, the nematodes were 
embedded within nodules between the submucosa and muscularis of the stomach. 
Histopathological studies of these areas showed the tissues to consist of spindle cells 
and varying amounts of collagen. There was an extensive fibroblastic proliferation 
with a tendency toward less differentiation of the fibrocytes ; however, mitotic figures 
were few. The tissues had finger-like projections extending deep into the muscu- 
laris which was suggestive of a fibrosarcoma. These histopathological changes 
resembled those described by Seibold et al (1955) as related to tumors and Spiro- 
cerca lupi lesions in the dog. 
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INVASION OF THE CECAL MUCOSA OF THE CHICKEN BY 
SPOROZOITES OF EIMERIA TENELLA* 


WALTER H. PattTILLo 
Tuskegee Institute, Alabama 


Although many workers have commented on the invasive powers of the sporo- 
zoites of coccidia, no formal studies have been made on this subject. Fantham 
(1910) discussed the penetration of the sporozoites of Eimeria avium in the young 
grouse, while Hadley (1911) commented upon the rapidity of the penetration of 
epithelial cells by the sporozoites of E. avium (= tenella). He noted that free sporo- 
zoites penetrated the epithelial cells at once. Tyzzer, Theiler and Jones (1932) 
indicated that the sporozoites of E. necatrix invaded the epithelium immediately 
after being freed from the oocyst, while the sporozoites of E. tenella probably took 
longer ; for they found live sporozoites free in the cecal content 24 hours after the 
chicken was infected. Tyzzer et al, as well as Edgar (1949), reported that sporo- 
zoites of both species invaded the epithelium of the gland fundi. These workers, like 
Hadley (1917), stated that the sporozoites occasionally passed through the epi- 
thelium and parasitized the cells of the underlying tissue. The sporozoites of E. 
praecox were observed in the tunica propria by Tyzzer et al, but there was no evi- 
dence of further development. The recognition of the early schizonts of E. bovis in 
the endothelial cells lining the lacteals suggests that these sporozoites passed through 
the epithelium of the intestinal wall (Hammond et al, 1946). The sporozoites of E. 
brunetti were observed by Boles and Becker (1954) in the cores of the villi 3 hours 
after the chicken was infected. 

Further comments on the penetration of E. tenella sporozoites were made by 
Scholtyseck (1953), who observed that sporozoites were liberated from the oocysts 
between 12 and 24 hours after infection, but he did not arrive at a decision concern- 
ing the manner in which the sporozoites reached the submucosal cells of the ceca. 
He thought that they penetrated directly from the cecal lumen into the epithelial 
cells, then passed from the crypts of Lieberkiihn into the tunica propria, invaded the 
fibrocytes of the fibrous connective tissue, and developed into schizonts. Greven 
(1953) reported the presence of sporozoites of E. tenella in the epithelial cells of the 
crypts 32 hours after infection, but on the third day she observed them in fibrocytes. 


MATERIALS AND METHODS 


The pure culture of E. tenella employed in this study was secured by the inoculation of an 
uninfected chicken with a single sporulated oocyst isolated by the continuous dilution of a drop 
of the mixed culture in water, until a drop was obtained in which only one oocyst, characteristic 
of E. tenella, was present. The oocysts obtained in this manner were augmented by subsequent 
passages of sporulated oocysts to other birds. Hampshire Red chickens were used as host 
animals. 
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One two-week-old bird was inoculated with E. tenella oocysts in excess of 30 million and 
killed 12 hours after infection. Other chickens were infected with 20 million oocysts and killed 
24, 38 and 54 hours after inoculation. Tissue from the mid-ceca of all the birds was removed 
and immediately fixed in Serra’s fluid (Brachet, 1953). The tissues were embedded in paraffin, 
sectioned at 5 and 8 microns, and mounted on glass slides. 

The periodic acid-Schiff (PAS) reaction of McManus (1946) and Hotchkiss (1948) and 
the combined PAS-Feulgen reaction of Afifi and Acra (1955) were employed with suitable 
controls for the demonstration of glycogen in the sporozoites. The presence of glycogen in 
these organisms facilitated the identification of the sporozoites. The combined PAS-Feulgen 
reaction consists of a simultaneous oxidation of 1,2-glycols to aldehydes and hydrolysis of some 
of the purine bases of deoxyribonucleic acid by a 0.5% solution of periodic acid made up in 50% 
aqueous phosphoric acid. The remaining steps were identical to those of the PAS reaction. 
Counterstains such as orange G, light green, and Delafield’s haematoxylin were employed in 
some instances. 

RESULTS 


The sections of tissue obtained at 12 hours contained a large number of sporo- 
zoites. Characteristically, glycogen was present as intensely granular masses in 
most of the sporozoite cytoplasm, especially about the refractile globule, but not in 
the nucleus or refractile globule. The nuclei of the tissue cells were stained by the 
PAS-Feulgen reaction, and the striated border of the cecal epithelium, the basement 
membrane, the mucin of the goblet cells and the connective tissue were stained by 
both the PAS and the PAS-Feulgen reactions. Diastase removed the glycogen 
from the cytoplasm of the sporozoites. 

The striated border and epithelium at the tips of the villi exhibited passageways 
or “penetration tubes,” many of which contained sporozoites (Figs. 1-3). The 
breaches in the epithelium extended from the lumen of the cecum as far as the 
basement membrane. These sporozoites appeared to have been fixed in the actual 
process of invading the cecal epithelium. 

The epithelium appeared to be invaded by groups of sporozoites which probably 
entered it through one of the tubés. While the narrow villi usually exhibited a 
single tube, the wider ones often contained 2 or more (Fig. 3). A definite path was 
present in the epithelium where the sporozoites had damaged it upon invasion even 
when only 1 or 2 sporozoites were present. 

After penetrating the striated border, the sporozoites moved to the basement 
membrane along which they deployed. The epithelial cells were damaged at their 
bases where the sporozoites had spread out. Various numbers of sporozoites were 
present on the basement membrane of individual villi. The number ranged from 1 
to 48 sporozoites at the tips of individual villi as shown in a tissue section 8 microns 
in thickness. The results obtained from counting the number of sporozoites in 10 
sections of cecal tissue 5 microns in thickness revealed an average of 297 sporozoites 
in the epithelium of the villi in each section. The numbers ranged from 221 to 370. 

No sporozoites were observed which could be definitely described as in the act of 
crossing the basement membrane. There was an enormous difference between the 
number of sporozoites above the basement membrane and the number below this 
structure (Table 1). Out of a total of 3,423 sporozoites counted in the 10 sections, 
86.7% of these were found above the basement membrane of the villi, while only 
13.3% were observed elsewhere. In the mid-tunica propria 8.9% of the counted 
sporozoites were found, while 1.2% were observed between and below the epithelial 
glands and 3.2% in the glandular epithelium. 

Sporozoites were observed in the tunica propria from the basement membrane to 
the muscularis mucosae, beyond which none were identified. They were located 
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TaBLeE 1. Percentage of sporozoites (E. tenella) at various positions in the cecal musoca. 





Hours after infection 








Position 12 24 
Villar epithelium 86.7 31.4 
Mid-tunica propria 8.9 7.3 
Tunica propria (between and below glands) 1.2 4.2 
Glandular epithelium 3.2 57.1 
Total 100.0 100.0 





intercellularly, or in some instances pressed up against cell nuclei as though they had 
invaded cells or been engulfed by them. A few of the sporozoites within these host 
cells were located adjacent to the glands, while others were located in the glandular 
epithelium just above the basement membrane. The nuclei of these particuar host 
cells were smaller than the epithelial cell nuclei and gave a more intense Feulgen 
reaction than those in the epithelial cells. Most of the sporozoites in the glandular 
epithelium were situated in the fundic area, although a few were seen in upper levels. 
Other sporozoites were observed near the lumen of the gland, and a few were situ- 
ated right at the lumen with the host cell nucleus on the lumen side. 

At 24 hours the sporozoites were also observed in the epithelium at the tips of 
the villi either in or between the epithelial cells and on the basement membrane at 
the base of the cells. No extensive damage to the epithelium was revealed as of 12 
hours, although this may have been due to the smaller number of parasites present. 
Large groups of sporozoites were not localized at particular sites, but were usually 
present as individuals. Thus, it is possible that the massive invasion of the epi- 
thelium depends upon the number of sporozoites introduced into the chick. 

A total of 674 sporozoites were counted from the sections of 24-hour tissue. The 
most striking change when these counts are compared with the 12-hour counts was 
the decrease in the number of sporozoites in the epithelium of the villi and the pro- 
portional increase in the number in the glandular epithelium. Only 31.4% of the 
sporozoites were located in the villar epithelium, as compared with 86.7% at 12 
hours, representing a disparity of 55.3%, while the glandular epithelium contained 
57.1% of the sporozoites, as compared with 3.2% at 12 hours, an increase of 53.9%. 
The percentage of sporozoites in the mid-tunica propria and between and below the 
glands remained relatively constant (Table 1). 

Sections of tissue taken from the ceca of birds killed 38 and 54 hours after inoc- 
ulation contained identifiable sporozoites only in the epithelial cells of the glands. 


DISCUSSION 


The investigation of the process of invasion shown by the sporozoites of Eimeria 
tenella has revealed a mode of penetration much different from that previously 
presumed. The present findings indicate that the sporozoites first of all invade the 
surface epithelium at the tips of the villi and then proceed across the basement 
membrane into the tunica propria. The sporozoites then pass through the tunica 
propria, free or sometimes within cells, to the glands which they invade by crossing 
the basement membrane. The direct invasion of the surface epithelium produced 
noticeable damage at the penetration sites. The tendency for large numbers of 
sporozoites to enter the tips of the villi through only one aperture in the striated 
border suggests that the path of least resistance is taken. 
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The basement membrane at the villar tips also plays an important role in the 
invasion, because sporozoites after penetrating that far could not penetrate this bar- 
rier immediately, and so deployed along it. The basement membrane thus acts for 
a while as a barrier against deeper infection and causes delay in the further invasion 
processes. It is possible that unequal delays at the basement membrane account in 
part for the variability in subsequent development. This protective function of the 
basement membrane is probably similar to the function of the epidermal basement 
membrane in hindering the penetration of skin by helminth larvae (Lewert and Lee, 
1954). 

The presence of some sporozoites within cells of the tunica propria suggests that 
these cells, which are probably macrophages, play a role in the passage of the sporo- 
zoites through the tunica propria to the glands. Indicative of this is the fact that 
no sporozoites or developing parasites were observed in the tunica propria at 38 
hours after infection, even though these invaded cells were seen at 12 and 24 hours. 
Macrophages have been shown to play a role in transporting the sporozoites of E. 
necatrix through the tunica propria (Van Doorninck and Becker, 1957). 

It has been established in this work that the epithelial cells of the gland fundus 
are invaded by sporozoites of E. tenella. No sporozoites could be found in the lumen 
of the glands, a finding which would indicate the direct penetration of the fundic cells 
from the direction of the tunica propria. No evidence was found to support the 
belief of Greven (1953) and Scholtyseck (1953) that the fibrocytes of the tunica 
propria are invaded by sporozoites. These workers did not follow the process of 
sporozoite invasion. 

SUMMARY 


The process of invasion shown by the sporozoites of E. tenella reveals a mode of 
penetration different from that previously assumed. Sporozoites, identified by their 
cytoplasmic glycogen, invade the surface epithelium of the ceca at the tips of villi and 
proceed across the basement membrane into the tunica propria through which they 
pass, free or within cells which are probably macrophages. The sporozoites then 
invade the epithelial cells lining the gland fundi. 

Noticeable damage in the form of passageways or “penetration tubes” in the 
striated border and epithelium is produced by the invasion process. The basement 
membrane at the villar tips acts for a while as a barrier against further invasion. 
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EXPLANATION OF PLATE I 


Ficure 1. The tip of a cecal villus 12 hours after infection showing massive invasion of the 
surface epithelium by sporozoites of E. tenella (PAS-Feulgen reaction). Glycogen in the 
cytoplasm of the sporozoites is darkly stained. Note a sporozoite below the basement membrane 
in the tunica propria, while other sporozoites are deploying along the basement membrane. x 495. 

Figure 2. “Penetration tube” in tip of a cecal villus showing invasion by sporozoites of E. 
tenella 12 hours after infection (PAS-Feulgen reaction). Glycogen in the sporozoites is darkly 
stained. x 495. 

Ficure 3. Tip of a wider cecal villus showing several “penetration tubes” 12 hours after 
infection (PAS-Feulgen reaction). Sporozoites are oriented as if moving in the direction of the 
basement membrane. Sporozoite glycogen and tissue DNA are stained. x 495. 
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DIRHYNCHOCYSTIS MINUTA N. SP., GREGARINE FROM THE 
SEMINAL VESICLES OF LUMBRICUS TERRESTRIS L., WITH A 
NOTE ON THE ASSOCIATION OF RHYNCHOCYSTIS 
PORRECTA SCHMIDT 


JEAN Ruston* 
Department of Parasitology, Imperial College of Science & Technology, London, S.W. 7, England 


During the spring of 1958, the seminal vesicles of 110 Lumbricus terrestris L. 
were examined for protozoal parasites. The earthworms were from four different 
sources: two lots were collected by the author from Sunninghill, Berkshire and 
Blackheath, Worcestershire; others were obtained from a biological supplier who 
was unable to give details of the locality in Surrey from which they were collected ; 
and some were sent from the Rothamsted Research Station, Hertfordshire. The 
incidence of parasites in these worms is shown in Table IT. 

Eleven of these worms were found to harbor trophozoites of a hitherto unknown 
species of Dirhynchocystis Cognetti for which the name Dirhynchocystis minuta nov. 
sp. is suggested. The genus is characterized by the possession of a solitary body with 
two sub-cylindrical appendages arising from opposite poles. The behavior of 
Rhynchocystis porrecta Schmidt leading to the formation of gametocysts was also 
observed and an account of this process is given. 


METHODS 


Living material was examined when the seminal vesicles were teased out in 0.65% saline 
solution. Permanent preparations fixed in 70% alcohol and stained in Ehrlich’s hematoxylin 
were used in the study of morphological details. 


OBSERVATIONS 


Dirhynchocystis minuta n. sp. 


Dirhynchocystis minuta (Plate I, Fig. 1) possesses a body almost spherical in shape, measur- 
ing 28-52 microns in length and from 21-45 microns in width. The average measurements taken 
from the 19 trophozoites observed are 35.3 x 31.2. The measurement of length is taken as the 
distance between the bases of the two appendages, and the measurement of width is taken at right 
angles to this. The body is packed with granules thought to be paraglycogen in nature which 
give the living parasite a brownish color. These granules are confined to the spherical part of 
the body and are never found in the appendages. However, the absence of any dividing wall 
between the body and the appendages can clearly be shown for very light stroking of the cover 
slip in fresh preparations will induce the granules to move into the base of the appendages before 
rupture of the body occurs. 

The nucleus, situated in the spherical part of the body, is surrounded by a clear area of cyto- 
plasm completely devoid of granules. The average nuclear diameter of 15 trophozoites was 
4.46 microns, and the ratio nuclear diameter: length of body was approximately 1:8. The 
nucleus possesses a single eccentric karyosome. 

The two unequal appendages arise one from either pole of the body. The average measure- 
ments are 43.4 microns for the longer and 29.6 microns for the shorter, an approximate ratio of 
3:2. The shorter of the two is more curved, but they both arise from the body at an angle of 
115°. The appendages are constant in width throughout their length, being about 5 microns 
wide. This measurement varies very little for large or small specimens. The extremities are 
rounded. No stages other than the trophozoite were recognized. 
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The genus Dirhynchocystis was described by Cognetti 1920 for Dirhynchocystis brasiliensis, 
a parasite of the seminal vesicles of Fimoscolex inuris. Bhatia and Chatterjee (1925) described 
a gregarine from the seminal vesicles of Pheretima heterochaeta and named it Echinocystis 
globasa. Later, (Bhatia, 1930) it was transferred to the genus Dirhynchocystis. A third spe- 
cies, D. oblonga, was described by Tuzet & Loubatiéres (1946) from Octoplasium camplanatum. 

Table I summarizes the information available on the three previously described species of 
Dirhynchocystis and on D. minuta. 


TABLE I.—Morphological characters of the species of Dirhynchocystis. 











D. brasiliensis ’ ae er D. minuta 
Cognetti Chatterjee) Loubatiéres “= 
Host ie a Pheretima Octolasium Lumbricus 
nuris heterochaeta complanatum terrestris 
ee Seminal vesicles Seminal vesicles Seminal vesicles Seminal vesicles 
Globular Ovoid Subspherival 
nth (microns) 45-55 7 50 35.5 
wr th a 55-80 65 75 31.2 
Appenda: Equal: round Equal: short & Unequal : round Unequal : round 
at tip spine-like at tip at tip 
Length 1 (microns) 25 —_ —_— 43.4 
Length 2 (microns) 25 —_ _ 29.6 
Length 1: length 2 1:1 = -— 8:2 
Nuclear diameter (microns) 12 24 6-8 4.5 
Nuclear diameter : body 
length 1:4.2 1:3.1 1:71 1:7.8 
Angle appendages to body 130° 115° 





It can be seen that D. minuta differs from D. brasiliensis and D. globasa in that the appen- 
dages are unequal in D. minuta and equal in the other two. 

D. minuta most closely resembles D. oblonga, \wut differs from it in the shape of the body, 
since its length is the width measurement in D. oblonga. They also differ in size of body and 
nucleus. Unfortunately, data are not available for D. oblonga of the length of the appendages 
or the size ratio of one to the other. 

Specific diagnosis: Body subspherical: longer axis, length. Two unequal appendages with 
rounded tips: ratio of long appendage to short appendage, 3:2. Angle of appendage to body, 
115°. Ratio of nuclear diameter : length of body, 1:8. Parasite of seminal vesicles of Lumbricus 








terrestris. 
Tase I].—Protozoa found in the seminal vesicles of Lumbricus terrestris. 
Origin of host Number examined Parasites found Number times found 
Sunninghill, Berkshire 50 Monocystis lumbrici 21 
_ 8 Apolocystis minuta 18 
Rhynchocystis pilosa 13 
Rhynchocystis porrecta 9 
Monocystis hessei 8 
Monocystis agilis 7 
Dirhynchocystis minuta 5 
Monocystis caudata 3 
Nematocystis anguitlula 1 
Rhynchocystis piriformis 1 
Blackheath, Worcestershire 20 Monocystis lumbrici 12 
Monocystis caudata 9 
Monocystis agilis 6 
Monocystis hessei 1 
Dirhynchocystis minuta 1 
Surrey 30 Monocystis lumbrici 27 
Monocystis = 22 
Monocystis a: 16 
Rhynchocystis Sriveiia 16 
Apolocystis minuta 10 
Rhynchocystis pilosa 10 
Monocystis striata 9 
Monocystis hessei 7 
Monocystis densa 4 
Dirhynchocystis minuta 7 
Nematocystis anguillula 2 
Nematocystis vermicularis 2 
Monocystis acuta 1 
Rothamsted, Hertfordshire 10 Monocystis lumbrici 6 
Apolocystis minuta 6 
Monocystis agilis 5 
Rhynchocystis porrecta 5 
Monocystis hessei 2 
Rhynchocystis pilosa 1 
Dirhynchosystis minuta 1 
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Association of Rhynchocystis porrecta Schmidt 


Troisi (1933) observed the active movement of Rhynchocystis porrecta Schmidt. 
He stated that a series of rapidly moving peristaltic waves originates just behind the 
“head” and disappears over the posterior extremity of the body, giving it a beaded 
appearance. I was able to observe this non-progressive movement of R. porrecta in 
specimens from the seminal vesicles of Lumbricus terrestris, but found that the 
waves of contraction originated from the posterior end. These peristaltic waves 
cause the cytoplasm to accumulate in beads at the anterior end of the body leaving 
the posterior region in a highly vacuolated state (Plate I, Fig. 2.). The process 
continues until almost all the cytoplasm is accumulated in the anterior region. This 
bulbous anterior region is connected to the vacuolated posterior region by a thin 
strand of cytoplasm. (Plate I, Fig. 3.). At the end of this process the posterior 
region is discarded. Syzygy can occur prior to the discarding of the posterior region, 
but the gametocyst is not developed around the associates until after it has occurred. 
(Plate I, Figs. 4,5 & 6). 
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EXPLANATION OF PLaTE I 


Figure 1. Trophozoite of Dirhynchocystis minuta n. sp. (Ehrlich’s hematoxylin) 

Figure 2. Rhynchocystis porrecta, showing beaded body. (Ehrlich’s hematoxylin) 

Ficure 3. Rhynchocystis porrecta: Later stage in production of gametocyte. (Fresh prep- 
aration) 

Ficure 4. Rhynchocystis porrecta in syzygy. (Fresh preparation) 

Ficure 5. Rhynchocystis porrecta: association of gametocystis after posterior region has 
sloughed off. (Fresh preparation) 

Ficure 6. Discarded posterior region of R. porrecta. (Fresh preparation) 
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RESISTANCE TO MALARIA IN HYBRIDS BETWEEN SWISS AND 
CERTAIN OTHER STRAINS OF MICE 
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Inbred strains of mice were found to fall into 3, or perhaps 4, categories with 
respect to the degree of infection of mature erythrocytes at the end of the first week 
after inoculation with Plasmodium berghei (Greenberg and Kendrick, 1957): (1) 
Swiss mice with a mean count of 47% (2) STR mice with a mean parasitemia of 
about 5% (3) several strains of mice, including C57Bl, A, BALB and C3H, with 
mean counts of about 25% and possibly (4) DBA mice with mean counts of about 
35% which may have been a high estimate due to insufficient sampling. 

F, hybrids between the extremes (STR and Swiss) had counts averaging about 
16%, lower than Swiss but not as low as STR (Greenberg and Kendrick, 1958). 
The F, hybrids of this cross also had counts averaging about 16% and there was no 
good evidence of segregation and recombination of genes effecting parasitemia. It 
was felt that more information could be obtained by testing the response of hybrids 
between Swiss and strains of mice which fell into categories 3 and 4 above. It was 
also thought that further clarification might result from testing hybrids of at least one 
of the strains of category 3 or 4 with STR, and for this purpose C57BI was selected. 

The use of these hybrids may also answer some questions about inheritance of 
resistance to maiaria as reflected in survival. It has been observed (Greenberg, 
Nadel and Coatney, 1954; Greenberg and Kendrick, 1957) that 4 inbred strains of 
mice had nearly identical survival patterns: Swiss, C,H, A, and DBA. In all of 
these strains a large percentage of the mice died after infection with P. berghei in 
an early wave of death with a mode at about the seventh day. It also has been ob- 
served (Greenberg, Nadel and Coatney, 1953; Nadel, Greenberg, Jay and Coatney, 
1955) that when mice with radically different survival patterns were crossed, the 
hybrids very often lived longer than either parent. This increased vigor could be 
attributed to a recombination of many genes favorable to survival, or heterosis could 
be taken to mean that the parent strains differed from each other in many genes 
somehow involved in resistance to malaria. If, then, phenotypically similar mice 
were hybridized and heterosis were observed in the offspring, it could be assumed 
that the parent mice were genetically different with respect to resistance to malaria. 
There was some indication from a small series (Greenberg, Nadel, and Coatney, 
1954) that hybrids between DBA and A lived longer than either parent. The ex- 
periments to be described were designed to obtain data on the longevity of hybrids of 
mice, the parents of which were phenotypically similar with respect to survival with 
malaria. 

* Laboratory of Tropical Diseases. 
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METHODS 


Parent mice were obtained from the Animal Production Section of the National Institutes 
of Health. All the hybrids were reared in the authors’ laboratory. The female parent of each 
of the crosses was, with 1 exception, a Swiss mouse. These were mated with male A/LN, 
DBA/2N, CsH/Hen, C57B1/6JN and BALB/CANN. The results of the present experiments 
were obtained from the first 5 or 6 litters of each of 3 families of each cross. 

In addition to these hybridizations, 9 families of the cross STR 2 female and C57B1/6JN 
male were set up and the present results include offspring represented by the first 5 or 6 litters 
of these families. 

All the mice were put on experiment when 2 months old. Each mouse was inoculated 
in a tail vein with 1 million parasitized erythrocytes (P. berghei) from a common Swiss donor. 
The Kasapa strain of P. berghei, maintained by weekly subinoculation of infected blood in Swiss 
mice, was used. Inoculations were done once, and rarely twice, weekly and all litters reaching 
the age of 2 months during the week prior to the day of inoculation were infected from 1 donor. 
While the number of mice inoculated in 1 series varied with animal production, no more than 60 
mice were done on 1 day. Along with each series, a group of usually 5, occasionally 10, Swiss 
mice also was inoculated as controls. 

Blood smears were made on the 6th day after inoculation and were examined for the per- 
centage of mature erythrocytes infected. Mean parasitemia for each strain of mouse was calcu- 
lated arithmetically by sex and by litter. 


RESULTS 


Mean 6th-day infections of mature erythrocytes are shown for females only in 
Table I. The results with Swiss mice are consistent with those previously reported 


Tas_eE I.—Percentage of mature erythrocytes infected with Plasmodium berghei 6 days after 
inoculation into mice of several different genetic backgrounds. Females only. 





Mean % infection of 


Litters or inoculation groups mature erythrocytes on day 6 





Swiss 24 45.9 + 2.0* 
Swiss x A Fi 13 28.2 + 3.9 
Swiss x DBA Fi 13 23.7 + 4.1 
Swiss x CsH F: 14 30.7 + 4.3 
Swiss x BALB Fi 11 28.8 + 4.0 
Swiss x C57B1 Fi 10 18.6 + 4.0 
STR x C57B1 Fi 40 9.74+1.3 





* Standard error of the mean. 


from this laboratory and their parasitemia was significantly higher (p < 0.001 to 
0.01) than those of all the other groups in the present series. The counts of STR 
x C57Bl were lower than those of all other groups ; the difference in parasitemia be- 
tween these and Swiss x C57Bl hybrids was of questionable significance but with the 
other hybrids the differences were significant. There were no significant differences 
among any of the hybrids of Swiss. 

The cumulative percent mortality, females only, is shown in Figure 1. It should 
be pointed out that there were very small numbers involved for experiments of this 
kind. With this in mind, it would appear that Swiss, STR x C57Bl and Swiss 
x DBA each had unique survival patterns. The differences, if any, among the other 
hybrids were too small to be detected. Derivative data from the figure are given in 
Table II. By whatever criterion one uses, Swiss mice were the shortest-lived and 
STR x C57BI were the longest-lived mice. 

Observations on male mice, as well as comparisons of the present data with 
previous experiences, will be reserved for the next section. 
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DAYS AFTER INOCULATION 


Ficure 1. Cumulative per cent mortality after inoculation of Plasmodium berghei into mice 
of different genetic backgrounds. 





TABLE II.—Survival of female mice of different genetic backgrounds after 
inoculation with Plasmodium berghei. 





Mean survival 








Number of mice % dead by day 10 50% dead by day (days) 
Swiss 128 87 6 7.3 
Swiss x A F: 45 60 8 10.1 
Swiss x DBA F: 35 87 12 12.9 
Swiss x CsH Fi 39 54 9 9.0 
Swiss x BALB F: 34 41 11 10.2 
Swiss x C57B1 Fi 26 54 10 12.2 
STR x C57Bl F: 116 22 21 18.7 

DISCUSSION 


The mean 6th-day infection of hybrid mice, one of whose parents was Swiss, was 
significantly lower than that of their Swiss parents. In order to compare the infec- 
tion in these hybrids with that in their non-Swiss parent, we shall have to refer to 
data published in an earlier paper (Greenberg and Kendrick, 1957). In that paper 
it was concluded that there were no significant differences among A, C3H, C57Bl 
and BALB mice in terms of their 6th-day parasitemia. The 44 inoculation groups 
of these inbred mice averaged 23% infection of mature erythrocytes on the 6th day 
after inoculation of P. berghei. DBA mice had slightly, but statistically not signifi- 
cantly, higher infections. If DBA are considered part of the population of A, C3H, 
etc. mice, the average 6th-day parasitemia of the entire group of mice was 25.3%. 
Swiss hybrids of these strains, taken as a group, averaged 26.4% infection, according 
to the results of the present experiment. The hybrids reacted to the infection, in 
terms of parasitemia, almost exactly as did their non-Swiss parents. 
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In another series of experiments (Greenberg and Kendrick, 1957) the infection 
in Swiss x STR F, hybrids was compared with that in each parent. STR mice had 
a low 6th-day infection (5%). The F, hybrids averaged about 16%: lower than 
Swiss mice, lower than the groups comprised of A, C3H, etc., but significantly 
higher than STR mice. 

In the present study we obtained data on the F, hybrid of STR xC57Bl. The 
6th-day infection averaged 9.7%, intermediate between STR x Swiss and STR. 

In general the infection in hybrids tended toward that in the parent with the lower 
infection. 

In earlier experiments it was shown that the survival patterns of A, DBA, C3H 
and Swiss mice infected with P. berghei was identical (Greenberg and Kendrick, 
1957 ; Greenberg, Nadel and Coatney, 1954). In the present series of experiments 
the survival pattern of Swiss mice was distinctly different from that of any of its F, 
hybrids (Figure 1). Though Swiss mice were phenotypically similar to those of the 
other strains mentioned above, they were genetically different in terms of survival 
with malarial infections. Earlier we Had observed that hybrids of A and DBA lived 
longer than either parent, indicating that these strains were genetically different in 
terms of survival with malaria. It remains to be determined whether A and C3H are 
genetically different. 

It is not surprising that all the strains we have studied are different in terms of 
survival, nor is it surprising that the differences are masked so that phenotypically 
some are the same. Some indication can be derived from this data of the complexity 
of genetic influences on survival. If all the strains we have studied differ in only 1 
gene influencing survival, there are at least 6 genes involved. 

Enough data on sex differences in parasitemia and survival now have accumu- 
lated in the present and earlier experiments to make some comparisons. Table III 


TABLE II].—Average parasitemia (percentage of mature erythrocytes infected on day 6) in mice 
of different generic backgrounds, following inoculation of Plasmodium berghei. Males vs females. 





Mean % infection of mature erythrocytes on day 6 





Difference 
Males Females Females 
minus males 





C57Bl 12.1 21.6 9.5 
A 15.0 25.6 10.6 
BALB 12.1 22.1 10.0 
Swiss x STR Fi 12.3 15.9 3.6 
Swiss x STR Fe 8.1 16.1 8.0 
(Swiss x STR) x Swiss 13.8 23.4 9.6 
(Swiss x STR) x STR 7.1 12.7 4.6 
Swiss x A Fi 20.2 28.2 8.0 
Swiss x DBA Fi 14.6 23.7 9.1 
Swiss x CsH Fi 20.7 30.7 10.0 
Swiss x BALB F; 22.0 28.8 6.8 
Swiss x C57B1 F: 9.4 18.6 9.2 
STR x C57B1 Fi 6.9 9.7 2.8 
Mean 7.8 








summarizes the mean parasitemia of all the experimental mice in which there was a 
sufficiently large sample of both sexes to give reliable estimates. There are 13 such 
comparisons and in each comparison the males had lower infections than the females. 
The difference between sexes was not always of the same magnitude but the direction 
was the same. There is no reason to assume that there is a sex-strain interrelation- 
ship. Male mice on the whole had infections about 8% lower than females. It 
should be pointed out that there was a large overlap in the data for males and females 
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and that a large series was needed to establish what amounts to a small difference. 

The sex differences in parasitemia are in the same direction and of the same magni- 

tude as described by Bennison and Coatney (1948) for P. gallinaceum in chicks. 
Results of the same sort are obtained when survival is analyzed (Table IV). In 


TABLE IV.—Mean survival after inoculation of Plasmodium berghei in mice of different genetic 
backgrounds. Males vs females. 











Mean survival (days) Differences 
Females 

Males Females minus males 
C57Bl 22.0 17.7 4.3 
A 10.0 6.7 3.3 
BALB 14.1 7.9 6.2 
Swiss x STR Fi 16.1 14.2 1.9 
Swiss x STR Fe 16.7 13.3 3.4 
(Swiss x STR) x STR 22.6 13.1 9.5 
(Swiss x STR) x Swiss 15.6 13.0 2.6 
Swiss x A Fi 14.4 7.9 4.1 
Swiss x DBA Fi 16.8 12.7 4.1 
Swiss x CsH Fi 12.7 9.2 3.5 
Swiss x BALB Fi 13.8 11.0 2.8 
Swiss x C57B1 Fi 16.6 12.0 4.6 
STR x C57B1 Fi 23.0 18.7 4.3 
Mean 4.2 





each of the 13 comparisons possible, males survived longer than females. On the 
whole males survived 4 days longer than females. 


SUMMARY 


Mice of 6 different F, generation hybrids; Swiss x A/LN, Swiss x DBA/2JN, 
Swiss x C;H/Hen, Swiss x C57B1/6JN, Swiss x BALB/CANN, STR/N x C57Bl 
6JN, and general purpose Swiss, were inoculated with Plasmodium berghei. The 
6th-day parasitemia of mature erythrocytes as well as survival was observed. 

Swiss x A, Swiss x DBA, Swiss x C;H and Swiss x BALB formed a common 
group having higher parasitemia than Swiss x C57Bl or STR x C57BI but signifi- 
cantly lower than Swiss mice. Swiss x C57Bl mice had the lowest parasitemia of 
any Swiss hybrids observed. STR x C57BlI mice demonstrated a significantly lower 
parasitemia than any Swiss hybrid with the possible exception of Swiss x C57BI. 

Survival in the hybrids, with the exception of Swiss x DBA and Swiss x C57Bl, 
demonstrated a close similarity to that of the longer lived parent strain. Thus, STR 
x C57Bl1 was the longest lived hybrid considered. Survival of Swiss x DBA was 
significantly longer than that of either parent strain while that of Swiss x C57Bl 
demonstrated a closer similarity to the shorter lived, rather than the longer lived 
parent strain. 
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RESEARCH NOTE 


NOTES ON THE EFFECTS OF VARIOUS ANTIBIOTICS ON 
AUSTRALORBIS GLABRATUS 


It has been reported that streptomycin in low concentration induces behavioral reactions 
and inhibits growth and reproduction among A. glabratus, and that some of these effects may 
wholly or in part be blocked by various salts under certain conditions (Chernin, 1957, Am. J. 
Hyg. 66: 321-330). In similar experiments the following observations have now been made: 

1. Essentially all adverse effects of streptomycin (10-100 micrograms/ml) were markedly 
reduced or obviated if the aquarium substrate contained commercial potting soil (150 g/2500 ml 
distilled water). 2. The presence of Ca** is known to prevent the appearance of the behavioral 
reaction of the snails to streptomycin ; however, it has now been found that the reaction to strep- 
tomycin may also be reversed by the addition of Ca** (0.2 g CaCle:2H:0/100 ml water) within 
24 hours after snails are exposed to 100 micrograms/ml of the antibiotic. 3. Mn**, reported to 
block the growth-inhibiting effects of streptomycin on certain plants (Rosen, 1954, Proc. Soc. 
Exper. Biol. and Med. 85: 385-388), was not effective at sub-lethal concentrations (i.e., below 
10°M MnCl,.°4H:O) in preventing the reaction of the snails to 100 micrograms/ml streptomycin. 
4. To determine whether a chelating agent would provoke a streptomycin-like reaction among 
A. glabratus, snails were exposed to 100 micrograms/ml disodium EDTA (Versene) with nega- 
tive results. 5. Twenty-one antibiotics, obtained through the courtesy of Dr. John Garber of 
Merck Sharp and Dohme, were screened in aquaria at 10 micrograms/ml (14 days) for effects 
on the behavior, growth, or survival of A. glabratus. The antibiotics were: Patulin; tyrothrycin; 
bacitracin zinc ; subtilin ; polymixin B sulfate ; tetracycline HCl; oxytetracycline HCI; chlortetra- 
cycline; erythromycin; neomycin sulfate; chloramphenicol; actidione; actinomycin D; viomycin 
sulfate; spiramycin sulfate; cycloserine Ca salt; novobiocin monosodium; streptogramin; pleo- 
cidin ; and experimental antibiotics L-565,329-0-1 and L-545,281-0-4. . Most of the foregoing were 
without apparent ill effect on the snails. However, neomycin resembled streptomycin in eliciting 
behavioral reactions and in inhibiting growth, and several other antibiotics proved to be rapidly 
lethal. The latter were tested again at 10 and 2.5 micrograms/ml using groups of 10 snails in 
fingerbowls; nystatin (purchased from E. R. Squibb and Sons) was included in the test series 
at 1 and 4 micrograms/ml to confirm an earlier report of its toxicity for A. glabratus (Seneca 
et al, 1955, Antib. and Chemother. 5: 737-741). The results are shown in the accompanying table. 





No. Snails Alive of 10 at: 





Conc. 
R k 
Se (ug/ml) 24 hrs. 48hrs. 72 hrs. spina 
Pleocidin 2.5 10 0 — Strep-like behavioral 
reaction on exposure 
“3 10 10 0 _— Strep-like behavioral 
Patulin 2.5 10 5 5 Death apparently due to 
spontaneous hemorrhage 
mi 10 0 = a= Death apparently due to 
spontaneous hemorrhage 
L-565,329-0-1* 2.5 9 5 0 
~ 10 10 1 0 
Nystatin 1 9 9 8 
- 4 3 3 2 
Controls a 20** 26 20 — 





* Merck Sharp and Dohme code number for an experimental antibiotic. 
** 2 sets of 10 each. 


The possible practical applications of these findings remain to be determined. It is of interest 
to note that the characteristic behavioral reaction of the snails is now known to occur in response 
to streptomycin (and dihydrostreptomycin), ne smycin, and pleocidin, all of which are related 
in their chemical structure—E.1 CHErnin, Department of Tropical Public Health, Harvard 
School of Public Health, Boston 15, Mass. 
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Studies on the virulence of monobacterial cultures of Entamoeba histolytica for 
experimental animals are not numerous. The majority of the earliest experiments 
was done in kittens and only in recent years the rat and the guinea pig have served 
as hosts. Neal (1956) presented a review of the literature on studies done in 
kittens, rats, and guinea pigs in his paper on this subject. Spector (1935) was one 
of the earliest investigators to study the effect of certain bacteria on virulence of 
amoebae ; she used more of a variety of bacteria than was used by any other investi- 
gator. Previous work had as its purpose to determine the role played by the bacteria 
in the development of the amoebic infection. The present investigation was under- 
taken in order to determine if among a number of different monobacterial cultures 
one or more would produce a high and consistent percentage of infections which 
would be useful in studies on chemotherapy. 

In the experiments to be presented, 13 different monobacterial cultures, one 
culture containing a multiple of bacterial associates, and another containing no other 
microorganisms, were tested for virulence in guinea pigs. The amoebae in all of 
the cultures were of the same strain. Simultaneously, bacterial suspensions without 
amoebae, also, were tested for virulence. 


MATERIALS AND METHODS 


The F-22 strain of E. histolytica was isolated by Swartzwelder in 1947 from a brain abscess 
and was first described hy Carrera and Faust (1949). All amoeba cultures with the exception of 
the one growing without microorganisms were established by the microisolation technique of 
Rees (1942). The latter culture was maintained in minced chick embryo extract according to 
the method of Shaffer and Sienkiewicz (1952). All of the monobacterial cultures and the one 
amoeba culture that contained a multiple of bacterial associates were kept in Locke-eggslant- 
Locke’s overlay medium with rice flour. Techniques for establishing and handling of these 
cultures were described in detail by Rees et al (1953). The multiple flora of the amoeba- 
bacterial culture was taken from the NIH strain 200 of E. histolytica (Tobie, 1949). Transfers 
were made 3 times per week for all monobacterial cultures, and the one culture without micro- 
organisms, while the culture with the multiple flora was transferred every 48 hours. The 
cultures of the individual bacteria without amoebae were handled precisely as the ones with 
amoebae. All cultures were incubated at 37° C. 
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Weanling Beltsville or Hartley strains of guinea pigs of both sexes were obtained from the 
stock bred at the National Institutes of Health, They were housed singly and were fed the 
purified diet formulated by Roine and Elvehjem (1950). All animals given inoculum from one 
culture were of comparable weights. Weights of the animals were recorded 3 times per week. 

The methods of harvesting amoebae and of inoculating guinea pigs were described by 
Taylor et al in 1950. Cultures of the bacteria alone were handled in a similar manner. All 
animals received 0.5 ml of inoculum intracecally. This was pooled from the harvest of 5 tubes. 
Only amoeba-inocula with the multiple flora were from 24-hour cultures, all others were from 
either 48- or 72-hour cultures. The approximate numbers of amoebae inoculated into each 
animal were determined by counting samples of the respective inoculum on a Neubauer hemocy- 
tometer (Rees et al, 1953). Counts of the amoeba-multiple flora inocula were not made due to 
the heavy clustering of the amoebae. 

In a few of the early experiments only 4 or 5 guinea pigs were inoculated with each culture 
and the experimental period was 21 days after the day of inoculation. The groups were then 
increased to include from 7 to 10 animals and the experimental period was extended to 30 days. 
Equal numbers of guinea pigs were inoculated with bacterial suspensions alone as were given 
inoculum containing amoebae; these animals were handled in every respect as were those given 
amoebae. 

Autopsies were performed on all guinea pigs including those that died and the remainder 
which were killed at the end of the experimental period. The presence, distribution, and severity 
of gross ulcerative lesions were recorded along with the presence and density of amoebae seen in 
fresh smears of the cecal contents. The degree of infection was recorded as follows: 0, no gross 
lesions or amoebae found; 1, no lesions but amoebae present; 2, few lesions of the cecum with 
demonstrable amoebae; 3, complete involvement of the cecum; 4, complete involvement of the 
cecum with grossly visible lesions extending into the colon. 

Evaluation of the virulence of the respective cultures was based on the percentage of animals 
that became infected, the average degree of infection (ADI) of only the infected ones, and the 
mean day of death of only those that died of the infection. 


RESULTS 


The results obtained in guinea pigs inoculated with the following cultures of the 
F-22 strain of E. histolytica are shown in Table I: 13 monobacterials, one with a 
multiple of bacterial associates, and one with no microorganisms. These cultures 
were tested in 11 experiments with at least 3 different cultures being tested each 
time. In each test other guinea pigs also were inoculated with only bacterial suspen- 
sions of the particular bacteria associated with the monobacterial cultures of amoebae. 
Some animals also were inoculated intracecally with minced chick embryo medium 
without amoebae to determine if this medium would cause any tissue reaction. 
Results of the tests with the bacterial suspensions alone and with the chick embryo 
medium were not included in Table I since no deaths occurred that could be attrib- 
uted to these inoculations ; neither did any weight losses or other symptoms occur in 
these animals that could be explained on the basis of these inocula. 

At the beginning of these studies the F-22 strain of amoebae growing with a 
multiple flora was not available; hence, the multiple flora of the NIH strain 200 
was used to prepare one. The original multiple flora of the F-22 strain used by the 
group at Tulane University was never maintained in this laboratory. 

The results show that only the monoxenic culture with Bacterium coli (Fulton), 
a bacterium obtained from England, approached the level of infectivity and patho- 
genicity demonstrated by the culture of F-22 with the multiple of bacterial associ- 
ates. In 3 experiments with the F-22 B. coli culture, the average percentage of 
animals infected was 64 and their ADI was 2.6 of a possible 4.0. This is compared 
to the multiple flora culture which produced an average of 75% infection in 3 experi- 
ments and an ADI of 3.4. 

Although the infectivity and pathogenicity as based on the percentage of animals 
successfully infected and the ADI were of a low order, the monobacterial culture 
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containing Clostridium perfringens and the one with organism f were the next in 
order of amoeba virulence after the B. coli culture. 

From the data of the amoeba counts (Table 1) made on the inoculum of many 
TaBLe I.—Studies in the guinea pig of the virulence of strain F-22 Entamoeba histolytica grown 
in vitro with (A) monobacterial associates, (B) a multiple flora from the NIH strain 200 E. 

histolytica, and (C) no bacterial associates. 











Approxi- Number of Animals 
mate 
MEMEO Kee epee a ee Average 
f Sur- Per : Mean 
Bacterial** 0 Dead Sur 3 Jerree 
PR nny « vitro ——— ane vivors I xen “of _—dDay of 
cated ees —— Infected/ nfected Infection Death 
nfec- Non- 
Pale tion infected 
(Thousands) 
Escherichia coli 119 152 5 0 0/5 0 0.0 
iy med tad 67 9 0 3/6 33 0.0 
oe nant Neva 123 9 2 2/5 44 22.0 
Escherichia coli T-3 71 5 0 0/5 0 0.0 
3 ie 29 10 1 2/7 30 28.0 
“ ae 91 8 2 2/4 50 24.5 
Bacterium coli (Fulton) 202 5 + 1/0 100 15.0 
" ” am 32 10 4 4/2 80 22.3 
ws si ss 54 9 0 1/8 11 0.0 
Organism t 73 5 3 0/3 40 13.0 
- i 139 10 1 3/6 40 25.0 
Clostridium perfringens 132 0 0/3 0 0.0 
ni a3 99 10 8 1/5* 40 17.7 
= i 293 1 5/1 86 25.0 
Shigella paradysenteriae 7 10 1 3/6 40 24.0 
a “ 68 8 0 0/8 0 0.0 
Streptobacillus (Shaffer-Frye) 8 4 0 0/4 0 0.0 
Aerobacter aerogenes 41 10 0 3/7 80 0.0 
Bacillus subtilis 15 9 0 1/8 11 0.0 
Serratia marcescens 27 10 1 0/8* 10 28.0 
Salmonella schottmulleri 83 8 0 0/8 0 0.0 
Salmonella typhosa 17 10 0 0/10 0 0.0 
Proteus rettgeri 40 10 1 2/7 30 23.0 
Multiple flora _ 10 9 1/0 100 12.3 
¥3 +f —- 9 4 0/5 44 15.0 
“ “ mie 10 7 1/2 80 uf 16.0 
None 22 7 0 0/6* 0 0.0 0.0 
g 9 7 1 0/5* 14 2.0 9.0 
6 — 8 0 3/3* 388 uF 0.0 
ne 25 10 1 0/9 10 1.0 29.0 





* Animals not accounted for in the results died during the last days of the experiments from 
causes other than amoebiasis. 

** One half ml. of a suspension of each of the bacteria growing without amoebae and also the cell 
suspension medium in which the bacteria-free amoebae were maintained were tested for virulence in 
equal numbers of animals. No infections or deaths resulted in these animals. 


of the cultures, there is no significant correlation between virulence and approximate 
numbers of amoebae inoculated. The counts are over a restricted range for each 
individual culture and they are included only as additional information. Although 
counts were not made on the culture of amoebae and the multiple flora, it showed 
many more amoebae per low power microscopic field than did any of the other 
inocula. 

Data from 15 guinea pigs inoculated in 2 experiments with strain F-22 amoebae 
growing with Trypanosoma cruzi were not included in the table since they were not 
done in the same series of experiments. None of the animals so inoculated became 
infected. 

DISCUSSION 

The monobacterial cultures used had been maintained in vitro for several months 
prior to testing their virulence, while the culture without associated microorganisms 
and the one with a multiple flora were only one month old when tested. The age of 
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the F-22 T. cruzi culture was not noted at the time of its use. From the information 
now available on virulence and age of the amoeba-trypanosome culture (Phillips and 
Bartgis, 1954), in the future the age factor should be closely observed in virulence 
studies. 

On the basis of both low infectivity rate and pathogenicity demonstrated by the 
monobacteri:l cultures, the amoeba-trypanosome culture, and the culture without 
other microorganisms, compared with a higher infectivity rate and more severe 
degree of iniection exhibited by the amoebae with a multiple of bacterial associates, 
it is concluded that in vitro bacterial association is at least partially responsible for 
virulence of amoebae. The bacterial flora of the cecum of the guinea pig may also be 
a factor in the establishment of the infection but in these studies the guinea pigs 
were all from the same source and had been maintained on the same purified diet 
for the same length of time. It is doubtful that the flora of these animals kept under 
carefully controlled conditions could have varied so drastically as to effect the viru- 
lence of the parasite whether it was grown with one bacterial species or another. 
From the inoculations of the bacterial suspensions alone, it was found that 0.5-ml 
of a virulent organism such as Cl. perfringens was not sufficiently potent to produce 
infection in this host. 

Luttermoser and Phillips (1952) reported similar results, when they inoculated 
rabbits with a culture containing a multiple flora. A higher percentage of infections 
was produced than when other rabbits were inoculated with a culture containing the 
monobacterial associate organism ¢. Also, in a small group of rabbits these same 
investigators demonstrated that the mere presence of bacteria (multiple flora) inoc- 
ulated simultaneously with amoebae from T. cruzi cultures would not increase the 
infectivity rate. It is difficult to compare our work with that of most of the earlier 
investigators for the experimental procedures vary markedly. The goal of our 
studies was not achieved, for a monobacterial culture was not found that could replace 
a culture containing a multiple of bacterial associates. However, this approach of 
using monobacterial cultures still may be useful in determining if bacterial species 
other than the ones employed herein contribute to the virulence of the amoebae. 


SUMMARY 


The method for testing the virulence of Entamoeba histolytica cultures using the 
guinea pig as the host is described. With 13 monobacterial cultures, a multiple 
flora culture, an amoeba-trypanosome culture, and one without associated micro- 
organisms, all using the F-22 strain of amoebae, only the monobacterial culture 
Bacterium coli (Fulton) approached the virulence exhibited by the F-22 amoebae 
growing in vitro with a multiple of bacterial associates. It is concluded that the in 
vitro association is at least partially responsible for the virulence of amoebae in the 
host. 
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RESEARCH NOTE 


TWO NEW MOLLUSCAN INTERMEDIATE HOSTS FOR 
PARAGONIMUS KELLICOTTI 


D. J. Ameel (1934, Am. J. Hyg. 19: 270-317), in describing the life cycle of Paragonimus 
kellicotti from Michigan, named the snail Pomatiopsis lapidaria as its first intermediate host. 
No attempts appear to have been made since that time to test other species of snails as possible 
vectors for this lung fluke. The present report summarizes results obtained with 4 related 
species of amphibious prosobranch snails. 

About 30 metacercariae obtained from the crayfish Cambarus robustus Girard (kindly identi- 
fied by Dr. Horton Hobbs) near Ann Arbor, Michigan were fed to a cat in September, 1957. 
The cat was sacrificed on August 12, 1958, and 20 adult worms were recovered from the lungs. 
Worms removed from the cysts were placed in a dish containing physiological salt solution, and 
within % hour a large number of eggs had been shed. Clean eggs thus obtained were washed 
several times in filtered lake water and maintained in a covered beaker at room temperature. 
The water was changed daily to discourage growth of contaminants. On September 6, thou- 
sands of miracidia appeared in the beaker within a few minutes after fresh water had been 
added. The reason for such spontaneous and synchronous hatching is not known. 

The following snails were exposed to these miracidia: Adult and lab-raised young Pomati- 
opsis cincinnatiensis from a colony on the Raisin River near Clinton, Michigan, exposed to 1 
to many miracidia each; adults of Oncomelania nosophora from Japan, O. formosana from 
Formosa, and O. quadrasi from the Philippines. In addition, adult and lab-raised young of P. 
lapidaria were used as controls. The Pomatiopsis were exposed and subsequently maintained in 
3-depression Pyrex well slides for the smallest snails, and glass shell vials for larger individuals. 
Oncomelania snails were exposed en masse to a large number of miracidia and afterwards kept 
on moist soil in clay flower pots. 

Of the snails which could be definitely evaluated for the presence of larval Paragonimus 
(at least 1 month after exposure), 6 of 8 P. cincinnatiensis and 2 of 5 O. nosophora were found 
to be well infected, in addition to 8 of 12 P. lapidaria. Normal cercariae were produced in all 
3 species of snails. Six each of the other 2 species of Oncomelania were negative. 

O. nosophora has been reported as a host for Paragonimus westermani in Fukien, China 
(Chen, K. C., 1941, Natl. Med. J. China, 27: 550-552; see Abbott, R. T., 1948, Bull. Mus. Comp. 
Zool. Harvard 100: 246-328 for nomenclatural changes). The finding that it can also serve as 
an intermediate host for the American species of Paragonimus may be of significance in view of 
the question of the possible identity of the two species of trematodes. 

Grateful acknowledgement is made to Dr. Henry van der Schalie for advice and encourage- 
ment. This work was supported by the Office of the Surgeon General, Department of the 
Army, and was carried out under the sponsorship of the Commission on Parasitic Diseases, 
Armed Forces Epidemiological Board—Paut F. Bascu, Museum of Zoology, University of 
Michigan, Ann Arbor. 
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Haemogamasus ambulans (Thorell) is a widely distributed mite occurring com- 
monly in the nests, less frequently on the bodies, of a variety of rodents in Europe 
and North America. In view of this distribution the mite was selected for culture 
and study as part of a project to evaluate the pathogen-vector potentials of parasitic 
mites. 

Keegan (1951) and Oudemans (1903, 1913) have provided good descriptions 
of the adults and the deutonymph of H. ambulans, but little has been published on 
the details of the life cycle or other features of its biology. Clark (1958) made brief 
mention of some facets of the life cycle in connection with studies demonstrating that 
a protozoan parasite, Hepatozoon griseisciuri Clark, of the grey squirrel will develop 
in the mite, and the food habits have been reported by Furman (1958). 


MATERIALS AND METHODS 


Haemogamasus ambulans was obtained from nests of Neotoma fuscipes Baird collected in 
the Berkeley hills of Alameda County, California. A few mites for culture were also obtained 
from nests of Microtus californicus (Peale) in the same general area. Mites were removed 
from nest material in a modified Berlese apparatus utilizing electrical heating elements with a 
small fan placed above the heaters so as to direct a current of warm air down through the 
material. Mites fell through the funnel to a glass jar ringed with vaseline. The mites were 
aspirated into glass tubes, placed in a CO, anaesthetizing chamber, and mounted in water on 
double coverslip preparations for microscopic identification. Identified mites were placed in 
glass tubes 5 to 8 cm long by 7 mm in diameter, with cotton stoppers at both ends. Except 
where otherwise indicated the mites were fed daily by applying a drop of heparinized mouse 
blood on a clean cotton stopper. Unless specified otherwise the vials were held on racks 
elevated approximately 1 inch above wet sand in a semi-closed container at room temperatures 
ranging from 18 to 27° C. In some of the experiments the vials were placed in desiccators 
over saturated solutions of various salts, these in turn being placed in constant temperature 
cabinets. 

RESULTS 


Haemogamasus ambulans is an ovoviviparous organism with 4 discrete instars in 
its life cycle : larva, protonymph, deutonymph and adult. 

The egg described by Oudemans (1913) for Haemogamasus michaeli Oudemans, 
a synonym of H. ambulans, obviously was one still in the body of the female mite 
and was so figured. Hatching takes place before deposition by the female. 

The larva is a non-feeding stage. It spends most of the time in quiescence, mov- 
ing sluggishly when disturbed. Shortly before ecdysis it assumes a characteristic 
position with the fore legs stretched anteriorly in line with the axis of the body while 
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the second and third pairs of legs are extended at right angles to the axis of the body. 

The protonymph is more active than the larva, but spends most of its time resting 
quietly. An occasional specimen ingests a small quantity of blood when offered, but, 
contrary to the hypothesis of Clark (1958), development requires no feeding in this 
stage. 

The deutonymph is very active, moving rapidly and almost continuously during 
most of its life. It feeds readily, engorging within 30 seconds when offered heparin- 
ized mouse blood on cotton pledgets at daily intervals. Adult males and females 
move about as does the deutonymph and feed just as readily. 

Characteristically ecdysis requires only a few minutes. The larva or nymph 
develops a slit in the dorsal opisthosoma out of which the mite slowly backs, with- 
drawing the legs, chelicerae and pedipalpi from the old cuticula in the process. It is 
during ecdysis that the greatest mortality of laboratory-cultured mites occurs. Not 
infrequently mites are observed to have difficulty in freeing the appendages from the 
old cuticula, and such mites almost invariably die. 

At a constant temperature of 20°C and a relative humidity of approximately 
92% the average time from birth to the adult stage was 6.7 days for 22 males and 7.5 
days for 59 females. 

More detailed studies on the length of the various stadia were conducted at room 
temperatures and a high relative humidity. Under these conditions it was practical 
to make hourly checks of test specimens as well as of gravid females from which 
larvae were obtained, thus assuring that cultures were started with new-born speci- 
mens. Each specimen was held in an individual tube. Only deutonymphs and adults 
were provided with food. Of an initial 14 larvae isolated, 8 survived to become 
adults. The larval stage required 11 to 15 hours; the protonymphal stage 32 to 35 
hours ; the deutonymphal stage, 146 to 149 hours. The cycle from birth to the adult 
stage required from 7.9 to 8.3 days. 

At a constant temperature of 30°C and a relative humidity of approximately 
85%, the development of H. ambulans was erratic. Whereas some reached maturity 
in only 6 days, ecdysis was long-delayed in others. A high mortality rate was indica- 
tive of an unfavorable environment. 

One- to 5-day-old adult female mites mated readily when males were placed with 
them and subsequently produced numerous offspring of both sexes at room tempera- 
tures ranging from 18° to 27°C, and in a nearly water-saturated environment. The 
average time required from mating to first larviposition by 15 females was 7.5 days, 
with a range of 5 to 11 days. During the time of active production the females de- 
posited larvae at the rate of one every 2 days. The average adult life span of the 
mated females was 58 days with a range from 17 to 108 days. Fifteen males used in 
the mating test lived for an average of over 50 days. 

In other tests one female held at a constant temperature of 20°C and 92% relative 
humidity survived 214 days. At 30°C and 85% relative humidity, maximum lon- 
gevity of females was 79 days. 

Females appear to mate only once, actively repelling subsequent vigorous ad- 
vances of the male after the initial act. Individual male specimens, on the other 
hand, were successfully mated to several virgin females. The mode of coition 
appears identical to that described so clearly by Michael (1892) for the related 
species, Haemogamasus hirsutus Berlese. 
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Parthenogenesis appears to play no role in the reproduction of H. ambulans. 
Twelve virgin females, individually reared in the laboratory, were maintained for 
periods varying from 24 to 114 days in separate tubes at 30 to 20° C. No young 
were produced. In addition numerous other virgin females held for other purposes 
failed to reproduce. Two virgin females aged 103 and 114 days mated successfully 
when males were introduced, producing young after 17 and 10 days, respectively. 

H. ambulans was demonstrated to be remarkably resistant to effects of low 
temperatures. At 4°C the mites moved about actively and fed on heparinized blood. 
Mites held several days at this temperature produced young. To test the effects of 
subzero temperature 36 mites were preconditioned by holding for 12 hours at 2°C. 
They were then exposed in groups of 3 to 8 for 15 to 90 minutes at —- 2°C ; no attempt 
was made to regulate relative humidity. All mites but one, a larva, survived. Fif- 
teen of the survivors were immediately re-exposed to the subzero temperature for 2 
hours, with a resulting 100% mortality. 

H. ambulans may survive long periods of starvation. When held in vials over 
wet sand, at room temperatures of 19 to 23°C, maximum survival was 51 days for 
the female, 43 days for the male and 50 days for the deutonymph. 

As reported in detail elsewhere (Furman, 1958), H. ambulans is a generalized 
feeder ; in laboratory experiments it utilized as food, fluid or dried blood of verte- 
brates, flea feces, and living or dead arthropods. Penetration of skin of vertebrate 
hosts was not seen in numerous tests, although circumstantial evidence indicates it 
may occur rarely. Reproduction and indefinite maintenance was demonstrated when 
the diet was composed solely of arthropods or of either fluid or dried blood of verte- 
brates. 

MORPHOLOGY 


The external morphology of the adult mites cultured in these tests was found to 
agree closely with the descriptions and figures of Haemogamasus ambulans given by 
Keegan (1951). Supplemental comments on the adults are given below, followed by 
detailed descriptions of immature stages. 


Female: Gnathosoma of female (Fig. 1) possessing deutosternal groove with 12 transverse 
rows of 2 to 6 denticles each. Hypostome with 3 pairs of minutely pilose setae; pair of delicate 
median processes, laterally fimbriated and dorsally with minute denticulations as illustrated; 
pair of rod-like cornicles arising from latero-basal portion of hypostome. Epipharynx more 
dorsally located, elongate, narrow, pointed and ventrally coated with minute microdenticles. 
Chelicerae as illustrated (Fig. 2). Tectum of typical haemogamasid “flame-like” appearance, 
with 7 or 8 main fimbriae on each side, some having up to 4 branches, all acutely pointed. 
Average number of genito-ventral plate setae of 10 specimens 42, with range of 35 to 46; anal 
plate with usual 3 setae fimbriated, and with 2 to 4 simple accessory setae. Claws of tarsi II 
to IV well developed, but vestigial on tarsi I. Caruncles with constricted, elongate pedicels. 
Ventral leg setae predominantly simple; dorsal leg setae predominantly fimbriated. 

Male: Gnathosoma similar to that of female, but chelicerae showing marked sexual dimor- 
phism (Fig. 3). Fixed chela toothless, incurved and pointed at tip, bearing a large, slightly 
inflated seta just distal to mid level. Movable chela divided into 2 branches; longer branch 
apparently traversed longitudinally by minute duct and incurved at a right angle distally, with 
2 dull teeth on inner aspect of curve; shorter branch incurved and pointed distally with a sub- 
apical tooth on outer convexity, and with plate-like basal expansions encircling base of longer 
branch. Seta arising between bases of chelae. 

Deutonymph: (Fig. 4) Idiosoma 590 to 810 microns long by 350 to 584 microns wide. The 
deutonymph is the first of the instars to display the characteristically densely setose appearance 
of the adults. Single dorsal plate extending almost full length of dorsum, but only 1/2 to 2/3 
of width; at level of posterior 1/3 of plate, a pair of sinuses extending inward from lateral 
margins for 1/4 width of plate; setae numerous, majority simple, posterior apical pair longest. 
Setae of unarmed portion of dorsum numerous, similar to those of dorsal plate, some lightly 
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barbed. Tectum, tritosternum and presternal area as in adult. Ventral plate reticulated, bearing 
anterior pair of fimbriated setae and 3 pairs of simple setae on lateral margins; plate bluntly 
rectangular anteriorly, narrowing behind third pair of setae and terminating posteriorly as a 
median, blunt prolongation at level of pcsterior margins of coxae IV; 3 pairs of pores. Anal 
plate with 3 usual setae fimbriated and at least one simple seta which may be incorporated on 
anterior margin. Unarmed opisthosoma with numerous setae, ranging from simple, medially, 
to fimbriate, at margins. Metapodal plates as in female but smaller. Peritremes delicate, 
extending anteriorly to anterior margins of coxae II; posterior extension as in female. 
Gnathosoma and legs similar to those of female, but claws of tarsi I not reduced. 

Protonymph: (Fig. 5) Idiosoma of 2, undistorted, alcohol-preserved specimens 594 to 626 
microns long by 373 to 383 microns wide. Two dorsal plates. Propodosomal plate bluntly 
rounded anteriorly, broader posteriorly, covering almost entire width of idiosoma at level of 
coxae IV, where it terminates; posterior margin slightly excavated medially; bearing 17 pairs 
setae, anterior 2 pairs fimbriated, others simple. Opisthosomal plate smaller than propodosomal 
plate; truncate anteriorly, broadly rounded posteriorly, with 10 pairs simple setae. Tectum 
similar to that of adult but with fewer fimbriae. Tritosternum similar to that of adult, but 
lacinial fimbriae shorter. Ventral shield area indistinctly differentiated; 3 pairs setae, only the 
anterior pair fimbriated; 2 pairs pores arranged behind setae I and II. Pair of minute setae 
between coxae IV. Anal plate inverted piriform shape, bearing 3 fimbriated setae. Ventral 
opisthosoma with 9 pairs simple setae. Stigmata located as in adult, with short peritremes 
extending past posterior margin of coxae III. Deutosternal groove with 12 transverse rows of 
4 to 8 denticles each. Palpal segmentation as in adult; palpi with both simple and fimbriated 
setae. Gnathosomal and hypostomal setae arranged as in adult, all very lightly fimbriated. 
Hypostomal processes and epipharynx resembling those of female. Chelicerae (Fig. 5b) with 
fixed chela bearing slightly inflated, subterminal seta; both chelae with rudimentary teeth. Legs 
similar to those of female, but relatively short. Tarsus IV bearing simple seta longer than 
tarsus, in addition to shorter setae. Claws present on all tarsi. 

Larva: (Fig. 6) Idiosoma of 3 unmounted specimens 599 to 632 microns long by 346 to 389 
microns wide. No visible dorsal plate. Slight shoulders over coxae II. Twelve pairs simple, 
dorsal, body setae including anterior apical pair; marginal setae longer than submedian setae; 3 
pairs postero-lateral setae longest, measuring up to 136 microns long. Tectum (Fig. 6b) 
terminating in 7 or 8 distinct, pointed, simple fimbriae. Tritosternum with 2, non-fimbriated 
laciniae extending anterior to basal hypostomal setae. Ventral plates indistinct. Three pairs 
simple setae mesad of coxae as illustrated. Ventral opisthosoma with small anteromedian pair 
of setae, 3 pairs of longer setae anterior to the anus, and 2 to 3 pairs of much longer, postero- 
lateral setae. Anus in usual position but without definite plate; 3 anal setae simple and elongate. 
Stigmata inapparent. Deutosternal groove with 6 transverse rows of 2 to 6 denticles each. Palpal 
segmentation as in adult, but relatively shorter segments. Forked tine of palpus well developed, 
palpal genu and femur each with 2 fimbriated, dorsal setae but remainder simple. Gnathosomal 
setae absent. One pair each of simple, basal and distal hypostomal setae. Hypostome with 2 
pairs of bluntly rounded processes and a third pair with a bidigitate tip. Epipharynx membranous 
and with only a suggestion of the pseudodenticles seen on later instars. Chelicerae with rudi- 
mentary paired chelae, each terminating in one or two minute protuberances. Leg I longer than 
II or III; setae predominantly simple, a few fimbriated. Tarsus I bearing 2 unequal but elongate 
setae in addition to numerous shorter ones characteristic of all the tarsi. Claws well developed 
on all tarsi. 

SUMMARY 


Haemogamasus ambulans (Thorell) is an ovoviviparous mite. Active stages 
consist of larva, protoymph, deutonymph and adult male and female. Only deuto- 
nymphs and adults require feeding. The cycle from birth to adult may be completed 
in under 7 days. No parthenogenesis occurs. Longevity of the mites may exceed 
200 days, and starved mites may survive over 50 days. Activity continues at near 
freezing temperatures, with short term survival at sub-freezing conditions. Effects 
of different temperatures and moisture conditions on the mite are considered. The 
immature stages of H. ambulans are described and illustrated together with com- 
ments on adult morphology. 
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PLATE I 





05™ 





Haemogamasus ambulans. -Ficure 1. Female gnathosoma, ventral view; Ficure 2. Female 
chelicera ; FiGureE 3. Male chelicera. 
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PiateE II 








Haemogamasus ambulans. Ficure 4. Deutonymph, dorsal setae omitted; Ficure 5a. Proto- 
nymph ; Ficure 5b. Chelicera of photonymph; Ficure 6a. Larva; Ficure 6b. Tectum of larva. 








TICKS (ACARINA: IXODOIDEA) ON RABBITS AND RODENTS OF 
EASTERN AND CENTRAL WASHINGTON 


Marion BaAcon,* Cuarces H. Drake,** AND NorMAN G. MILLER* 


The following work was based chiefly on observations made of the ectoparasites 
of wild rabbits and rodents collected in eastern and central Washington during the 
years 1951-1956 inclusive. These collections (Miller and Drake, 1954; Bacon, et al, 
1958 ; Bacon and Drake, 1958) had been made primarily for the purpose of examin- 
ing rabbits and rodents for the presence of pathogenic bacteria. The testing pro- 
cedures, however, included examination of ectoparasites, and these were identified 
as specifically as the time involved in bacteriological tests would permit. It is be- 
lieved that the tick records thus obtained were extensive enough to have value as an 
indication of seasonal and host distribution of Dermacentor and Haemaphysalis 
ticks within the collection area. In order to demonstrate a more nearly complete pat- 
tern of distribution, the data obtained from these records were supplemented with 
data from other works. 

PROCEDURES 


The collections were made in Grant, Lincoln, Adams, Whitman, Yakima, Franklin and Aso- 
tin Counties. One site in Asotin Co. was in the Blue Mountains and was essentially alpine as to 
topography, vegetation and climate. The other sites were in humid to semi-arid agricultural 
parts of the state where the original vegetation was dominated either by bunchgrass or sage- 
brush. In this respect, most of Whitman and the eastern fourth of Adams County were in the 
bunchgrass region and the rest of the area mostly in the sagebrush region (Daubenmire, 1942). 

There were examined 904 rodents representing 17 species and 1040 rabbits representing 4 spe- 
cies. Most of the rabbits were collected by organized drives of hunters who shot them. The 
smaller rodents were taken mostly in snap-traps. Larger rodents were secured either by. trap- 
ping or by shooting. Immediately upon collection the carcasses were placed in clean cotton or 
paper bags which were then exposed to hydrocyanic acid gas to kill or immobilize the ectopara- 
sites. Only a single carcass was placed in a bag, or at most only animals of a single species col- 
lected at the same place and time. The ectoparasites were picked from the carcasses or bags 
and identified as specifically as perusal of unbleached, unmounted specimens would permit. A 
few were obtained by other means. 

The following mammals were examined for ectoparasites : 798 Lepus californicus wallawalla 
Merriam, 38 Lepus townsendit townsendit Bachman, 207 Sylvilagus nuttallii Bachman, 1 Sylvila- 
gus idahoensis (Merriam), 24 Citellus columbianus (Ord), 5 Citellus washingtoni Howell, 8 
Citellus lateralis (Say), 106 Eutamias amoenus Allen, 8 Eutamias minimus Bachman, 2 Tamia- 
sciurus hudsonicus (Erxleben), 7 Thomomys talpoides (Richardson), 71 Rattus norvegicus nor- 
vegicus (Erxleben), 29 Mus musculus Linnaeus, 375 Peromyscus maniculatus (Wagner), 13 
Reithrodontomys megalotis (Baird), 6 Onychomys leucogaster fuscogriseus Anthony, 79 Micro- 
tus montanus (Peale), 37 Microtus longicaudus (Merriam), 27 Lagurus curtatus pauperrimus 
(Cooper), 6 Clethrionomys gapperi (Vigors), 101 Perognathus parvus (Peale), 18 Sorex vag- 
rans Baird, and 5 Sorex merriami merriami Dobson. 

The rabbit collections will be dealt with at greater length than the rodent collections, since 
most of the adult Dermacentor and all of the Haemaphysalis observed were taken from them. 
The smalles: number of rabbits taken per year was 113; the largest number, 248. Sampling pro- 
cedures were carried out in the early stages of the project and from time to time later on in 
order to select areas with rabbit populations sufficiently high for sizeable yearly collections. 
There were 4 such sites where collections of 20 or more specimens per year were made for 4 or 
more years in succession. These were near Schrag and Lind in Adams County, Connell in 
Franklin County and Warden in Grant County. 
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Lepus townsendii, the whitetailed jack-rabbit, was the only Lepus observed in the bunch 
grass region in the vicinity of Benge, Lacrosse and Palouse Falls. A few were collected in the 
sagebrush areas near Ephrata and Quincy. L. townsendti and L. californicus, the blacktailed 
jack-rabbit, were found at the same collection site only at Lind in 1956; 3 whitetails were taken 
in association with much more numerous blacktails. At all other collection sites L. californicus 
was the only Lepus noted. Only in 1955 was L. townsendii numerous enough to make practicable 
a collection numerically comparable to the yearly ones made of L. californicus at Lind, Schrag, 
Connell and Warden. That year 24 whitetails and 7 cottontails, Sylvilagus, were collected in the 
Benge area. Sylvilagus nuttallii was taken at most of the rabbit collection sites and probably 
occurs at all of them. 

Once a collection site had been chosen no intentional selectivity was practiced in regard to 
the numbers of each species of rabbit collected. Lepus californicus appeared in the overall col- 
lection in much greater numbers than did Sylvilagus. This might have been partly because Syl- 
vilagus is more of a cover-seeking animal than is Lepus sp. and would be less readily shot. Also, 
areas of the major collections varied considerably among themselves in the ratio of jack-rabbits 
to cottontails. Ratios of blacktailed jack-rabbits to cottontails for 131, 137, 144 and 148 rabbits 
collected at 4 of these collection locations were, respectively, as follows: Lind, 3.3; Schrag, 1.9; 
Connell, 5.5; Warden, 15. 

These collections were made over the same 4 year period and at least 20 rabbits were taken 
each year in each area. For 125 rabbits taken over two seasons near White Swan, Yakima 
County, the ratio of blacktails to cottontails was 124.0. For 39 specimens from the Benge- 
Lacrosse-Palouse Falls area, the ratio of whitetailed jack-rabbits to cottontails was 4.5. The 
greater part of the rabbit collecting was done during the months of February to May inclusive, 
a period which was believed to take in most of the yearly activity of Dermacentor andersoni adults. 


RESULTS AND DISCUSSION 
Dermacentor andersoni Stiles 


All Dermacentor adults were identified as D. andersoni. Dermacentor nymphs 
and larvae will be referred to by the generic name only. 

Bishopp and Trembley (1945) listed rabbits and other mammals of comparable 
size or larger as the hosts of adult Dermacentor andersoni. Besides grazing live- 
stock, animals of this category found in eastern Washington other than rabbits would 
include the porcupine, marmot and predators of which the coyote and badger are 
probably the most common. Few or no livestock were present at or near the time 
of the collections, and no porcupines, marmots or predatory animals were examined. 
Since, however, rabbits were the dominant mammals in the above category at the 
most frequently visited collection sites, it is believed that the records of D. ander- 
soni on these hosts provide a satisfactory index to the seasonal activity of adults of 
this species within the area of the investigations. 

The earliest collection date for adults was Feb. 8, 1953, at both Connell, and 
Lind from both jack-rabbits and cottontails, when 18 rabbits yielded an average of 
about 1 tick per animal. Twenty-two rabbits from Beverly, Jan. 20, 1956, and 31 
from Connell, Feb. 5, 1954, had no ticks, but on both dates the snow may have de- 
layed the emergence of ticks. Collections in the absence of snow from 25 rabbits at 
Schrag, Jan. 31, 1952, and 24 at Lind, Feb. 10, 1952, however, were also negative. 
On Feb. 13, 1955, a collection of 12 rabbits at Schrag yielded 8 ticks. 

Table I shows the average numbers of adult Dermacentor per rabbit for Lepus 
californicus and Sylvilagus nuttallii collected February to May inclusive. The 
average number of D. andersoni adults per rabbit for 33 L. townsendii collected in 
March was 1.6. The single S. idahoensis, which was collected at Schrag, March, 3, 
1956, yielded 1 D. andersoni adult. Numbers of ticks per rabbit varied greatly. 
Individual rabbits with no ticks at all could be observed at any season. The average 
shown in Table I of 10.0 ticks per rabbi? for Sylvilagus taken Feb. 16-28 resulted 
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TasLe I.—Average numbers of adult Dermacentor andersoni per rabbit from Feb. 1 to May 27. 





Average for Number of Average for Number of Average for 





Collection . Lepus and 
Lepus Lepus Sylvilagus Sylvilagus er 

Period californicus californicus nuttallit nuttallii Sylv ilagus 

Combined 
Feb. 1-15 0.3 66 0.3 20 0.3 
Feb. 16-28 1.7 59 10.0 14 3.4 
Mar. 1~—15 4.4 99 2.4 28 4.0 
Mar. 16-31 2.5 91 1.2 26 2.2 
Apr. 1-15 1.8 58 1.5 34 1.7 
Apr. 16—30 1.3 55 0.9 31 1.2 
May 1-15 0.7 133 0.05 19 0.6 
May 16-27 0.2 107 0.0 1 0.2 





from the fact that 3 cottontails from Schrag, Feb. 28, 1954, had respectively 36, 
48, and 54 ticks each. Comparable infestations were not encountered on any other 
occasion. 

The January-February records and the data in Table I indicate that activity of 
Dermacentor adults begins during the first 2 weeks of February and is followed by 
a rapid buildup of infestations during the next fortnight. Peak infestation of rab- 
bits occurred early in March. There was a rapid decline in average numbers per 
rabbit during May, but infestations varied greatly depending on collections. As late 
as May 13 one jack-rabbit had 24 adult ticks, and 36 jack-rabbits taken May 20, 
1951, had 0.6 tick per rabbit. Sixty-three rabbits from White Swan, May 27, 
yielded a total of only 3 Dermacentor. No Dermacentor adults were found on 34 
rabbits taken between June 1 and Dec. 7, inclusive, nor had Bacon (1953) found 
any during the summer months on rabbits collected from the Columbia Basin Proj- 
ect Area of Grant, Adams and Franklin Counties. However, some activity of Der- 
macentor adults continues for part of the summer, since 2 were taken from the 
clothing of collectors near Wilbur on June 26. Bacon (1953) reported an adult 
Dermacentor taken from clothing at Ephrata, Aug. 18. This may have been newly- 
emerged from the nymphal stage, although Philip (1937) reported that Dermacentor 
andersoni adults sometimes persisted unfed for at least 2 seasons. 

The earliest collection date for Dermacentor nymphs was Feb. 20, 1955, from 
a blacktailed jack-rabbit at Lind. The latest date was Sept. 23, 1952, from Lepus 
at Othello. Dermacentor nymphs were found on the following host species: Lepus 
californicus, L. townsend, Sylvilagus nuttallii, Citellus columbianus, C. lateralis, 
Eutamias amoenus, E. minimus, Onychomys leucogaster, Peromyscus maniculatus, 
Reithrodontomys megalotis, Microtus montanus, Lagurus curtatus and Perognathus 
parvus. Dermacentor nymphs on Neotoma have been recorded for the Columbia 
Basin (Bacon, 1953). Of the other rodent species resident in the area for which no 
records are shown, none were collected in any great numbers; very likely they may 
also at times be infested with Dermacentor nymphs. The greatest number recorded 
for a single rabbit was 5 for one Sylvilagus. The greatest numbet from one rodent 
was 9 for one Perognathus, and 15 nymphs were collected from 1 Eutamius amoenus 
and 1 Citellus lateralis which by error had been placed together in the same sack. 

The earliest collection date for Dermacentor larvae was May 22, 1954. One 
tick was taken from Reithrodontomys; 16 other small rodents trapped at this time 
were negative for larvae. Bacon (1953) found Dermacentor larvae on Peromyscus 
and Microtus at Roxboro, Adams Co., June 19, and 57 on a single Microtus at Con- 
nell, July 5, 1951. Perhaps the peak emergence from the eggs occurs during the 
first two weeks of July, since in the present study only 1 larva was collected from 86 
mice trapped June 30 and July 1, 1954. Also, the greatest number of larvae per 
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rodent was observed near White Swan on July 12, 1955, when 103 were taken from 
3 Perognathus placed together in the same sack. The largest number of larvae from 
a single rabbit was 12 from Lepus californicus taken at the same location July 13, 
1955. Similar, high infestations were not observed after mid-July. 

The latest collection date for Dermacentor larvae was Oct. 3, 1953, on Lagurus 
near Wilbur. Since numerous collections of small rodents were made in October 
and November, it is believed this date and the latest collection date, Sept. 23, for 
Dermacentor nymphs approximate the end of the seasonal activity for immature 
Dermacentors in most of the bunchgrass and sagebrush areas. The active period 
may be shorter in the alpine area in Asotin County. Although larvae were collected 
by July 4 at this site and nymphs and larvae on August 28, rodents collected Sept. 
20, 1953, and Sept. 19, 1954, were negative for tick infestation. 


Haemaphysalis leporis-palustris Packard 


Haemaphysalis ticks were found only on rabbits. Surprisingly, the species was 
not taken in some of the collection areas during the first years of the investigation, 
but appeared there later on. It was not taken at Schrag during 1951-53. A few 
ticks were found here in 1954, and the species was apparently well-established in 1955 
and 1956. None were taken at Warden in 1952, the first collection year at that 
site. A few were found in 1953, and in 1954 and 1955 the species was well-estab- 
lished there. 


Taste II.—Average number of Haemaphysalis leporis-palustris per rabbit from Mar. 1 to May 27. 





Average for Number of Average for Number of er for 





Collection epus and 
8 Lepus Sylwaligus Sylwaligus Se. Fesd 
Period californicus californicus nuttellii nuttallii psi 
Feb. 16-28 0.03 86 1.0 4 0.1 
Mar. 1-15 1.2 38 3.0 11 1.5 
Mar. 16-31 0.4 11 6.8 10 8.0 
Apr. 1-15 1.0 19 3.8 13 1.4 
Apr. 16-30 1.0 27 4.0 24 1.3 
May 1-15 4.0 107 3.6 8 3.0 
May 16—27 2.0 62 6.0 1 2.2 





The earliest collection date for adults was Feb. 28, 1954, at Lind, with 4 ticks 
from 1 Sylvilagus and 1 tick from 13 Lepus. Table II shows the average numbers 
of adult Haemaphysalis per rabbit for collections made March to May inclusive. 
The data employed in this table were limited to records of blacktailed jack-rabbits 
and cottontail rabbits collected in selected areas which were judged to have well- 
established populations of Haemaphysalis. The records indicate that activity of 
Haemaphysalis adults begins in late February and infestation of rabbits undergoes 
a rapid increase in early March. As in the case of Dermacentor, the infestation per 
rabbit varied greatly. In spite of the records shown in Table II for the Mar. 16-31 
period the authors doubt that the infestation undergoes a definite seasonal ‘“‘peak.” 
Adults were found on rabbits during the summer months. 

The average number of Haemaphysalis adults per cottontail exceeded the aver- 
age per animal for blacktailed jack-rabbits. Of a total of 309 blacktails and 53 cot- 
tontails collected over a period of 3 years at locations with seemingly well-estabished 
Haemaphysalis populations and in seasons when Haemaphysalis were known to be 
active, the blacktails averaged 1.7 ticks and the cottontails, 5.2 per rabbit. In the 
White Swan area, however, the average number of ticks per rabbit from 62 black- 
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tails collected May 27, 1955, was 2.0 and from 61 blacktails collected May 6 and 7, 
1956, the average was 4.2. The rabbit population here had diminished appreciably 
between collection dates and this may have caused the increase in tick infestation 
per rabbit. As to infestation of Lepus townsendii by Haemaphysalis adults, 33 rab- 
bits collected in March averaged 0.5 tick per animal. 

In many cases larvae, nymphs and adults were present on the same animal. 
Owing to the small size of the immature stages, many may have been lost, so no 
quantitative distributional summary such as that given for adults was attempted. 
Nymphs were recorded as early as Feb. 20, 1955. The earliest collection date for 
larvae was Feb. 28, 1954, at Lind. Larvae appeared in greatest numbers per rabbit 
early in March; 105 larvae were found on 2 cottontails at Benge, Mar. 13, 1955. 
Comparable infestations were not observed at later dates. Since the latest collecting 
date for all stages was Sept. 23, and no rabbit collections were made during Octo- 
ber and November, the date of cessation of activity for Haemaphysalis could not be 
reliably estimated. Twenty-two rabbits collected Dec. 7, 1952, were negative for 
ticks. 


Ixodes sp. 


An adult tick found on Eutamias minimus near White Swan, May 6, 1956, was 
identified at the U. S. National Museum as Jxodes, possibly J. angustus Neuman. 
Cooley (1946) reported this species as common on small mammals in Washington 
and Oregon and with 3 records of human parasitism, two from western Washington 
and one from western Oregon. 


Ornithodoros parkeri Cooley 


Two Ornithodoros parkeri larvae were collected. One was from Lagurus cur- 
tatus taken July 1, 1954, near Marcellus, Adams Co. The authors believe that this 
constitutes a new host record for O. parkeri. The other specimen was from Lepus 
californicus, May 6, 1956, near White Swan, Yakima Co. Previous records from 
Washington are 1 nymph from Sylvilagus, Yakima Co., 7 nymphs from Citellus 
columbianus, Walla Walla Co. (Cooley and Kohls, 1944), and large numbers in the 
nests and burrows of burrowing owls, Speotyto, in several counties of the east-central 
part of the state (Jellison, 1940). Bacon (1953) took one larva from Sylvilagus 
near Ephrata. No burrow or nest examinations were made during the present 
investigation. Since this species seems to be chiefly a nest inhabiter, it may be much 
more numerous in the state than indicated by the collection records from animal 
carcasses. 


SUMMARY 


Collections of ticks were made from rabbits and rodents collected in eastern and 
central Washington. A total of 904 rodents representing 17 species collected over 
a period of 3 years and 1040 rabbits representing 4 species collected over a period 
of 6 years were examined. 

The activity of Dermacentor andersoni adults began early in February, reached 
a peak early in March, and declined in May. Dermacentor nymphs first appeared 
in February, and were found as late as Sept. 23. Hosts included most of the species 
of lagomorphs and rodents examined. Dermacentor larvae were taken as early as 
May 22 and as late as October 6, but they appeared in greatest numbers per host 
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early in July. Host species were about the same for Dermacentor larvae as for 
Dermacentor nymphs. 

Haemaphysalis leporis-palustris was found only on rabbits. Sylvilagus nuttallit 
had a higher infestation per animal by adult Haemaphysalis than did Lepus californi- 
cus. Haemaphysalis adults, nymphs, and larvae first appeared in late February and 
the latest collection date was the same for all 3 stages, Sept. 23. The greatest infes- 
tations of hosts by larvae occurred early in March. Two of the collection areas 
lacked Haemaphysalis during the first years of collection, but populations of Haema- 
physalis occurred there in the later years. 

One adult tick from Eutamias minimus was identified as Ixodes, possibly J. 
angustus. 

Two larvae of Ornithodoros parkeri were collected, one from Lepus californicus, 
and one from Lagurus curtatus. 
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VOGEA VESTIBULARIS N. G., N. SP., A DILEPIDID CESTODE FROM 
THE INTESTINE OF THE LARGE GREY BABBLER, 
ARGYA MALCOLMI 


G. N. Jonri 


Department of Zoology, University of Lucknow, India 


A large number of cestodes were collected from the intestine of the large grey 
babbler, Argya malcolmi Sykes, shot in the environs of the Puranpur forest, dis- 
trict Pilibhit, U. P. They represent a new species which is described below. All 
measurements are in millimeters. 


Vogea vestibularis ng., n. sp. 


Diagnosis: Maximum length of strobila 96.6, maximum width 2.15, attained in the mature 
segments ; 2.61 in gravid segments. Scolex well developed, 0.82 0.77. Rostellum powerful with 
well developed musculature, 0.25x0.28. Rostellum provided with double row of 16 hooks, 
roughly triangular in shape; large hooks 0.182-0.185 alternate with smaller hooks 0.069-0.070. 
Rostellar sac 0.514 0.42. Suckers rounded or oval 0.185-0.203. Genital pores unilateral, 
situated a little anterior to the middle of the segments, submarginal in position. Genital ducts 
pass dorsal to peral longitudinal excretory vessels. Cirrus sac 0.338-0.350 in length and 
0.0259-0.027 in width in mature segments and 0.38 in length and 0.032 in width in gravid 
segments. Cirrus simple. Vas deferens greatly coiled and extends towards the centre of the 
segment. Testes 44-51 in number (diameter 0.050-0.055), disposed in 2 distinct fields, 9-11 and 
35-40 anterior and posterior to the female genital organs respectively and always confined 
between the longitudinal excretory vessels. Vesicula seminalis absent. Ovary bipartite, trans- 
versely elongated, situated in the anterior half of the segment. Vagina at terminal part repre- 
sented by a muscular part, 0.052-0.057 in length. Receptaculum seminis poorly developed, 0.105 
in length and 0.020 in diameter. Vitelline gland compact, with slight irregular outgrowths 
laterally, 0.105 x 0.080. Shell gland small, 0.075 0.079 located between the ovary and the 
vitelline gland. Uterus an irregularly lobed sac extending beyond the longitudinal excretory 
vessels but leaving the lateral margins of the segments unoccupied. Egg diameter 0.054-0.078. 
Onchosphere diameter 0.016-0.022. Completely developed embryonic hooks not observed. 

Type host: Argya malcolmi Sykes. 

Habitat: Intestine. 

Type locality: Puranpur, district Pilibhit, U.P. 


The scolex (Fig. A) bears 4 suckers and the powerful rostellum is armed with a 
double row of 16 hooks. The rostellar hooks display a massive size and a character- 
istic shape, roughly triangular which is sufficiently distinctive. The proximal part 
(base) is very broad and the guard is poorly developed. The blade (Fig. B) is very 
well developed and is differentiated into 2 regions, the proximal one approximately 
extending up to 2/3 the entire length, possessing a series of lines of growth running 
more or less transversely, while its distal part is tapering and ends in a curved sharp 
point ; it appears highly chitinised without any lines of growth. A central cavity is 
present in the distal part of the hook. The measurements of the hooks are given in 
Table I, according to the skeletal diagram shown in Figure 1. 
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Ficure 1. Diagram of rostellar hook. 


Tase 1.—Rostellar hooks. 








Large Small 
A 0.102—0.105 mm. 0.044—0.047 mm. 
B 0.182—0.185 mm. 0.069—0.070 mm. 
Cc 0.064—0.068 mm. 0.029—0.030 mm. 
D 0.045—0.050 mm. 0.020—0.021 mm. 





The genital pores are situated a little anterior to the middle of the segments, sub- 
marginal in position. A genital cloaca is absent. The terminal part of the cirrus sac 
opens on a circular muscular pad (diameter 0.075 mm, Fig. E). Surrounding this 
muscular pad and opening to the outside is a seminal vestibule into which the vaginal 
pore opens just posterior to the cirrus sac so that the male and the female genital 
pores open at two separate regions. The ovary consists of 2 lateral wings, each 
bearing several irregular processes. 


DISCUSSION 


The characters given above clearly indicate that the present form must be in- 
cluded in the subfamily Dilepidinae Fuhrmann, 1907. It shows resemblance to the 
genera Trichocephaloides Sinitsin, 1896; Dilepis Weinland, 1858; Anomotaenia 
Cohn, 1900; Laterotaenia Fuhrmann, 1906; Cyclorchida Furhmann, 1907; Parvi- 
rostrum Fuhrmann, 1908; Bancroftiella Johnston, 1911; Dendrouterina Fuhrmann, 
1912; Kowalewskiella Baczynska, 1914; Vitta Burt, 1938 and Neoliga Singh, 1952. 
However, it can be distinguished from all the above-mentioned genera, except 
Bancroftiella and Kowalewskiella, by the extension of the testes anteriorly while in 
the other testes are either posterior or lateral. It is further distinguished from 
Anomotaenia, Laterotaenia, Parvirostrum, Bancroftiella and Kowalewskiella by the 
possession of unilateral genital pores and by the course of the genital ducts dorsal to 
the poral longitudinal excretory vessels. The poral position of the ovary in Latero- 
taenia and Parvirostrum, the characteristic smaller uterus with numerous septa in 
Bancroftiella, and the aporal position of the ovary in Kowalewskiella with segments 
much longer than their width separate all these genera further from the present 
form. Vitta has irregularly alternating genital pores and tapering egg cz psules and 
therefore stands separated. Neoliga can be further separated in having alternating 
genital pores and the vagina anterior to the cirrus sac. From Dilepis, Cyclorchida 
and Dendrouterina the present form can be further separated by the possession of a 
simple sac-like uterus. Trichocephaloides differs by having the vagina dorsal to the 
cirrus sac. Lastly, the present form is rather unique amongst the known genera of 
the subfamily in having triangular hooks, in the lack of a typical genital cloaca, in the 
possession of a seminal vestibule with a muscular genital disc around the male geni- 
tal pore, and in the submarginal position of the genital pores. 
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V ogea n.g. 


Diagnosis: Dilepididae: Dilepidinae: Scolex with well developed rostellum armed with a 
double crown of hooks which are highly chitinised and triangular in shape. Genital pores uni- 
lateral and submarginal. Genital cloaca absent. Cirrus sac opens on a muscular pad circular 
in outline, vagina opens in a seminal vestibule. Genital ducts pass dorsal to the poral longi- 
tudinal excretory vessels. Testes numerous, in 2 distinct fields, anterior and posterior to the 
female genital organs. Ovary transversely located in the anterior half of the segment and 
between the longitudinal excretory vessels. Uterus simple and sac-like. 

Type species: V. vestibularis n. sp. The type (on 2 slides) has been assigned U. S. National 
Museum Helminthological Collection No. 39001. 


SUMMARY 


V ogea vestibularis n. g., n. sp. is described from the large grey babbler, Argya 
malcolmi Sykes, and placed in the family Dilepididae, subfamily Dilepidinae. The 
shape of the rostellar hooks and the openings of the genital pores are very charac- 
teristic. A generic diagnosis is given for the new genus. 
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EXPLANATION OF PLATE I 


All drawings made with the aid of a camera lucida 


FicurE A. Scolex of Vogea vestibularis. 

Ficure B. Rostellar hooks. 

FicurE C. Mature segment. 

Figure D. Gravid segment. 

Ficure E. Cirrus sac in the region of the genital pore. 
Ficure F. Egg. 


ABBREVIATIONS USED 


c.s. Cirrus sac; m.c.p. muscular circular pad; onch. onchosphere; ov. ovary; r.h. rostellar 
hook ; r.s. receptaculum seminis; s.gl. shell gland; suck. sucker; s.v. seminal vestibule; t. testis; 
u.s. uterine sac; v. vagina; v.d. vas deferens; v.ex.v. ventral longitudinal excretory vessel; v.gl. 
vitelline gland. 
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THE EFFECTS OF LOW TEMPERATURES ON LARVAL CESTODES 
AND OTHER HELMINTHS IN FISH 


DoucLas K. HILLIARD 


Arctic Health Research Center, Public Health Service 
U. S. Department of Health, Education, and Welfare, Anchorage, Alaska 


Our knowledge of the resistance of larval cestodes and other helminths to low 
temperatures has been derived mainly from the efforts of European investigators. 
In Russia, Titova (1955) employed two temperatures, -6° and —18°C, to determine 
the freezing time required to kill plerocercoid larvae of Diphyllobothrium latum L. 
in pike (Esox lucius). Her findings suggest that the time of freezing required to 
kill the larvae is roughly proportional to the weight of the fish. For example, at 
-6°C, 7 days of freezing were required to kill larvae in a 9 kg fish, whereas only 2 
days were needed to accomplish similar results in a 700 gm fish. The Italian 
workers Scolari and Monzini (1954), using yellow perch (Perca fluviatilis) of 
comparatively uniform weight (70 gm), were able to kill encysted plerocercoid 
larvae of Diphyllobothrium latum by exposing the hosts to the following tempera- 
tures: 0°C for 20 days, -5°C for 72 hours, -15°C for 8 hours, -40°C for 2 hours. 

These findings led the writer to attempt to determine the survival capabilities 
during subjection to various low temperatures of some of the larval helminths 
occurring in fresh-water fishes of Alaska. Such determinations would be of interest 
for two reasons. (1) Knowledge of the comparative effect of temperature, limited 
to 1 species at present, would be extended to include several species of Diphyllo- 
bothrium, 1 of Triaenophorus, and ascarids (Porrocaecum sp.). (2) The infor- 
mation might prove useful to public health workers interested in preventing fish 
tapeworm infections among the Eskimos of central and western Alaska. These 
peoples habitually consume raw or partially cooked fishes carrying the larvae of 
these tapeworms. 

In a recent study of enteric infections in the Bethel-Napaskiak area, Fournelle 
and Wallace (1958) found ova of Diphyllobothrium spp. in about 30 per cent of 
the human stool specimens examined, while a similar investigation by Rausch (un- 
published data) at Hooper Bay in 1957 showed approximately the same rate of 
infection. Since it is generally suspected by medical investigators, both in this 
country and Europe, that tapeworms compete with their hosts for certain nutrients, 
such as vitamin B,2, the development of a preventive measure which would destroy 
the larval cestode in fishes used as foods would be of particular value for the native 
peoples of western Alaska. 

This investigation included the following hosts and their helminth larvae: 
blackfish (Dallia pectoralis Bean), Diphyllobothrium dalliae Rausch and Triae- 
nophorus sp.; whitefish (Coregonus lavaretus pidschian (Gmelin) ), Diphylloboth- 
rium sp.; red salmon (Oncorhynchus nerka (Walbaum)), Diphyllobothrium ursi 
Rausch; rainbow smelt (Osmerus dentex Steindachner), Diphyllobothrium osmeri 
von Linstow and Porrocaecum sp.; rainbow trout (Salmo gairdneri Richardson), 
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Diphyllobothrium sp.; lake trout (Salvelinus namaycush (Walbaum) ), Diphyl- 
lobothrium sp. ; and grayling (Thymallus arcticus (Richardson) ), Diphyllobothrium 
sp., Triaenophorus sp., and spirurid larvae. 


MATERIALS AND METHODS 


Specimens of fishes were brought to the laboratory in Anchorage within 48 hours following 
collection. Here they were divided into 3 lots of from 3 to 10 fish, depending on their availability, 
and placed in deep-freeze units whose temperatures had been calibrated against a standard ther- 
mometer. Temperatures maintained in the 3 units were —6°, -12°, and -18°C. A recording 
thermometer was placed in each freezer to detect possible equipment failures and rise in tempera- 
ture due to the initial heat of the fish. Compensation for the latter factor was provided for by 
waiting until the temperature became stabilized before recording exposure time. Following the 
designated period of exposure, i.e., 24, 48, and 72 hours, the fishes were immersed in warm water 
(ca. 30°C) until pliable enough for removal of the viscera. Plerocercoid larvae and nematodes 
were freed from their cysts and placed in 0.4% physiological saline where activity was noted. 
Non-viability of the organism was established if no movements were evident following a 5-minute 
exposure to the saline solution. Prior to each freezing experiment helminth larvae were exam- 
ined to determine if they were still viable following prolonged exposure of the fish hosts to air 
temperature during shipment. All genera of fish in the taxonomic list are described by Wili- 
movsky (1958). 


RESULTS 


In addition to the results (Table I), the following comments are pertinent. 
One of the most significant findings of these experiments was the different range 
of tolerance levels to cold demonstrated by larvae of different species of the genus 
Diphyllobothrium. D. dalliae, for example, showed a survival time of 24 hours at 
-6°C in a blackfish averaging 17 gm. However, those larvae in the grayling, 
wl.ose weight averaged 270 gm, and those in the whitefish with an average weight 
of 368 gm, failed to survive following a comparable period of freezing. In the case 
of the rainbow trout, whose average weight was about two-thirds that of the 
grayling, the larvae expired at —-12°C after 24 hours’ exposure. The plerocercoids 
in lake trout demonstrated only a 60% survival at -12°C during the 24-hour period, 
even though these hosts had an average weight of more than twice that of the 
rainbow trout. On a host-weight basis, the most resistant plerocercoid larvae were 
those of D. osmeri, which tolerated freezing temperatures for 48 hours at -6°C and 
24 hours at —12°C in a host averaging but 52 gm. The larvae in red salmon all 
survived in the -6°C and —12°C levels with the exception that at the end of 72 
hours at -12°C, only 33% of the larvae lived. At —18°C there were no viable 
larvae found. 

By comparison, it would appear that the larvae of D. /atum in the pike are more 
resistant to freezing than the larval cestodes used in these experiments. However, 
since these larvae are encysted in the musculature, they are probably afforded some 
measure of protection against the cold, whereas cysts of species studied here are 
situated either free in the viscera or attached to the stomach serosa dorsal to the 
pectoral fins of the host, with only a relatively thin wall of tissue for a protective 


barrier. 
In the few specimens observed, it was found that the larvae of Porrocaecum sp. 


resisted an exposure of -12°C for 48 hours. There were no survivors in the -18°C 
range. The larvae of Triaenophorus sp. were found to endure exposure to -6°C 
for 24 hours in the grayling, but due to lack of specimens in the fish frozen at the 
other temperatures, data are incomplete regarding the tolerance of this cestode to 
cold. The spirurid larvae were able to withstand freezing temperatures at both the 
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-~6°C and —12°C levels for 24 hours, but their tolerance to other levels of freezing 
and periods of exposure is not known, since specimens were missing in the fishes 
used. 

On the basis of available knowledge, it would appear that the larvae of those 
species of Diphyllobothrium used in the above mentioned experiments can be killed 
if the host fish are exposed for a minimum period of 2 days to a temperature of 
-18°C. 
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FURTHER STUDIES ON THE EFFECT OF ABNORMAL HOST 
METABOLISM ON SCHISTOSOMA MANSONI 


Epwin J. Rosinson, JR. 
Department of Biology, Kenyon Coilege, Gambier, Ohio 


Alterations of the normal host metabolism, or placing of Schistosoma mansoni 
in abnormal hosts (white mice or hamsters being considered normal), have been 
reported as influencing the survival rate, sex ratio or morphological condition of the 
worms. 

Vogel (1947) and Buttner (1950) found a high proportion, as much as 100%, of 
pseudohermaphrodites among male worms raised in guinea pigs. Robinson (in 
press) confirms Vogel’s statement that normally about 1% of the worms are natural 
pseudohermaphrodites. Robinson (1957) found a possible effect of testosterone in 
the production of such pseudohermaphrodites, but in 2 later experiments could not 
consistently confirm these results. 

Berg (1953, 1957a, 1957b) reported that castration of the mouse or injection of 
testosterone lowered the survival rate of one or both of the sexes. Robinson (in 
press) obtained results contradictory in most respects to Berg’s, and postulated 
that the different mouse strains used might explain some of the lack of agreement. 
Berg (1957b) also discovered that the addition of glucose to the diet of castrate 
hosts improved the survival rate of the male worms. 

Robinson (unpublished) found that the injection of stilbestrol into female mice 
caused 5 different qualitative and quantitative effects to appear in the worms. 

The present experiment was undertaken to test the hypothesis that the strain 
of mouse used in castration experiments is influential in determining the results, and 
to discover whether a high blood sugar induced by alloxan will affect the survival 
to maturity of S. mansoni in normal and in castrate hosts. 


MATERIALS AND METHODS 


The parasites and their Australorbis glabratus hosts were obtained from the Laboratory of 
Tropical Diseases, National Institutes of Health, and maintained in this laboratory. Both the 
worms and snails were Puerto Rican in origin. 

The mice were obtained from Carworth Farms (CFW strain), and Rockland Farms (RAP 
strain), both in New City, New York. The Carworth variety was used by the writer in other 
experiments (Robinson, 1957; in press). Berg used the RAP strain in his first experiment 
(1953), and the CFW strain later (1957a, 1957b). 

The vertebrate hosts were exposed to exactly 200 cercariae apiece, and the larvae allowed 
45 minutes to penetrate the tails. A microscopic check of the cercarial suspension after exposure 
showed virtually no activity and many detached tails, so it is assumed that each mouse was in- 
vaded by 200 worms. 

The cercariae were obtained from a pool shed by 80 infected snails. These snails had each 
been exposed to 10 miracidia either 45 or 52 days earlier. Mice from the groups described below 
were handled in rotation in the exposure procedure, so that no one group was exposed primarily 
to cercariae which had been segregated in exposure tubes either early or late during the period 
of manipulation. 


Received for publication September 8, 1958. 
This investigation was supported by research grant E-975 from the National Institute of 
Allergy and Infectious Diseases, National Institutes of Health, Public Health Service. 


295 





296 THE JOURNAL OF PARASITOLOGY 


The mice were divided into 6 groups, originally of 10 or 11 animals. One group consisted of 
CFW hosts castrated 5 days previously, another of normal CFW mice. The third and fourth 
groups were RAP mice similarly prepared, for comparison with the Carworth mice. Other RAP 
mice were each given an intraperito:ieal injection of 250 mg of alloxan in water per kg of body 
weight 3 days before exposure, and constituted the fifth group. It previously had been deter- 
mined that this amount of the chemical was close to the minimum lethal dose, and effective in 
causing severe hyperglycemia. The sixth group was RAP mice similarly treated with alloxan, 
and castrated as well. 

The castrations were accomplished by an operator with previous experience in the procedure 
used. Each mouse received 0.085 mg of Nembutal in saline per g body weight, constituting in 
most cases a total volume of 0.16 ml of fluid injected. The anesthetic for all was taken from 
the same vial. The mice were held head downward, and the needle introduced barely into the 
peritoneal cavity in the region of the left inguinal canal. This procedure also was used in in- 
jecting the alloxan, and minimized the chance of intestinal perforation by the needle. 

After 15 or 20 minutes, a low respiratory rate and absence of response to auditory and tac- 
tile stimuli indicated that the mice were in deep anesthesia. The scrotum was painted with mer- 
thiolate, 2 slits were made through it and the tunics with a scissors, the spermatic cords grasped 
with a forceps, and the testes withdrawn. A hot needle was used to sear across the cords, thus 
removing the testes and sealing off the blood vessels. The edges of the incisions were pinched 
together, painted with merthiolate, and the mice put in a warm box to recover. 

The actual operation took about 90 seconds per mouse, and was accomplished with a mini- 
mum of manipulation and possible resultant trauma. Each mouse suffered virtually identical 
damage, namely, the two incisions and the cauterized ends of the spermatic cords. 

In order to compensate for possible variations in technique, due either to increasing fatigue 
or increasing skill of the operator, the two strains were handled in groups of 5, alternately, 
beginning with an RAP group. In this way, the first and last mice operated were RAP; but 
then 5 more were castrated to replace those which had died during or immediately after the 
operation. There was no similar mortality in the CFW mice. 

The operated animals were held for 5 days following castration because experience, to which 
these mice conformed, had shown that by the fifth postoperative day most specimens have normal 
appearance, are normally active, and collectively consume normal quantities of food and water. 
This observed normality was taken to indicate complete recovery from the surgery, with no sig- 
nificant vestige of shock or other complications. Furthermore, experience with mice held up to 
10 days after castration before exposure showed that the additional period of recuperation did not 
affect the survival rate of the worms as compared to those in hosts given 3 to 5 days to recover. 
Rarely, a mouse exhibited general lethargy or surgical complications; these, of course, were 
discarded. 

The worms were allowed to develop for 49 days from the day of exposure, then were re- 
moved by detailed dissection of the infected tissues, fixed in alcohol-formalin-acetic acid, and 
the number of each sex determined. The worms then were stained with Semichon’s acid car- 
mine, cleared in metiy! salicylate, and examined for supernumerary gonads. 


RESULTS 


Table I summarizes the quantitative results of the experiment; no qualitative 


TaBLe I1.—Effects on Schistosoma mansoni of castration and/or alloxan treatment 
of host mice of 2 strains. 
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differences in reproductive systems were found between any two groups of worms. 

The virtual identity of the mean number of worms recovered per host in the two 
control groups shows that in terms of survival rate, the RAP and CFW strains of 
albino mice are equally good hosts for the parasite. 
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All three experimental treatments of RAP hosts reduced the number of worms 
of both sexes which survived. These reduced numbers were not statistically signifi- 
cant in all cases, when “Student’s” t test was used to determine the significance of 
differences between various pairs of means. Important differences in means included 


the following : 


a. There were significantly fewer worms recovered per host from RAP alloxan- 
ized and alloxanized castrate mice than from the controls. 

b. The differences in (a) were found in the male worms alone, and in female 
worms from alloxanized castrate hosts but not those simply alloxanized. 

c. There were significantly fewer worms recovered per host from RAP than 
from CFW castrate hosts. 

d. The difference in (c) was found in the female worms alone, but not in the 
males. 

e. Significantly more female worms were recovered from CFW castrate hosts 
than from controls. 


Castration of the host did not cause a significant reduction in the numbers of 
either sex of worm, in either strain of host. 
In the RAP mice, castration and the administration of alloxan concomitantly had 
a greater effect, statistically speaking, than treatment with alloxan alone, on both 
sexes of the worm. 
DISCUSSION 


In this experiment, 26% of the control worms were recovered from each strain of 
host. This is a higher survival rate than usually is reported. Berg (1953, 1957a, 
1957b) recovered, respectively, 24%, 17% and 18% of the control worms. Stire- 
walt, Kuntz and Evans (1951) found in 2 experiments that 22.1% and 22.4% of 
the worms survived to maturity. Robinson (in press) recovered 31% of 2,000 
worms ; and in an unpublished experiment 27% of 2,000 worms developed to matur- 
ity in normal hosts. 

It appears that when only a few hundred worms are concerned, the recovery 
rate is quite unpredictable. This suggests that there may be difficulty in making 
valid comparisons between some kinds of experiments on schistosome survival, 
especially when they are conducted in different laboratories. 

The results of castration in this experiment disagree with all of Berg’s work, 
although the same mouse strains and similar techniques were used. Not only did 
the number of male worms surviving fail to drop significantly, the number of female 
worms surviving was significantly higher in one strain, when compared to controls, 
but was not in the other strain. It may be concluded that in this instance the differing 
survival rates of the female worms was due to a strain difference in the response of 
the mice to castration. 

The writer (Robinson, in press) reports similar results in 2 of 3 other castration 
experiments, that is, no decrease in male worms but a significant increase in female 
survival in the castrate mice. Berg has obtained a reduction of male worms in 
castrate hosts without fail ; the writer has not seen this result in any of 4 experiments. 
The lack of agreement in results of these various experiments is at present inexplic- 
able. 

Castration and treatment with alloxan possibly acted synergistically in the RAP 
mice, because in male worms it increased the significance of the difference between 
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control and experimental mean number of worms per host from the 2% level 
(alloxan alone) to the 1% level (both treatments together) ; and in female worms 
from no significance (alloxan alone) to significance at the 5% level (both treatments 
together ). 

The glucose in the blood of hosts made artificially diabetic did not preserve the 
worms from the other effects of the metabolic upset, nor from the additional effects 
of castration. Berg (1957b) found that glucose given to castrate mice had a saving 
effect on the male worms as compared to males in castrate hosts without glucose. 
The two experiments are not comparable, however, since Berg’s mice were not 
diabetic, and in the present experiment castration did not reduce the number of male 
worms. 

The discrepancies in some of the results, including those involving castration, lie 
perhaps in the small scale of both Berg’s and the writer’s experiments. Blood 
flukes apparently are quite sensitive to their chemical environment, so that numerous 
unidentified factors both in normal and experimental mice will affect their develop- 
ment. These factors cannot be specifically controlled, but can be averaged out by 
the use of very large numbers of hosts and worms. The consistency in the results 
of the two experiments cited earlier by Stirewalt, Kuntz and Evans (1951) is ex- 
plicable in these terms, since they used 20,000 ard 28,000 cercariae and 200 and 280 
mice. 

The results of the two sets of experiments compared here are statistically valid 
within themselves, and they are reproducible in the respective laboratories. Even 
though the existence of uncontrolled factors may make it impossible to apply any of 
these results to the general schistosome population, they do show that S. mansoni is 
sensitive to metabolic changes in the hosts, and that the two sexes respond differ- 
ently to the changes. Experiments capable of making fine metabolic distinctions 
should reveal valuable information about schistosome physiology. 


SUMMARY AND CONCLUSIONS 


1. Normal mice of 2 different strains were equally good hosts for Schistosoma 
mansoni, measured in terms of percentage of the worms which survive to 
maturity. 

In these 2 strains, castration did not significantly reduce the survival rate of 

either sex of worm, although smaller numbers of both sexes were taken from 

the RAP castrate hosts than from the controls. 

3. Castration of CFW hosts caused a significant increase in the survival rate of 
female worms. 

4. Treatment of the hosts with alloxan caused a greater mortality of male worms 
than of females. Concomitant castration and alloxan treatment caused a more 
significant reduction in survival of both sexes than alloxan alone. 

5. It is concluded that the discrepancies in results of certain experiments prob- 
ably are due to the unknown variable factors in the worms’ environment, and 
the small scale of the various experiments which are compared. 


bo 
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RESEARCH NOTES 


THE ALIMENTARY SYSTEM OF A PENTASTOMID FROM THE INDIAN 
WATER-SNAKE NATRIX PISCATOR SCHNEIDER 


The anatomy and habits of the Pentastomida are fairly well known (Heymons, R. 1935, in 
Bronn’s Klass. und Ordn. des Tierreichs) but little attention has been given to the nutrition of 
these interesting endoparasitic arthropods. During a survey of the parasites of certain Indian 
snakes undertaken by one of us (K.H.R.) several adult specimens of Raillietiella agcoi Tubangui 
& Masilungan 1936 were found in the lung of the water-snake Natrix piscator, a previously unre- 
corded host for this species, and a preliminary study of their alimentation has been made. 

The anterior mouth leads into a fore-gut consisting of a small oral cavity linked by a long 
narrow ‘anal to the bulbous suctorial pharynx lying 1/6 the way down the body. The pharynx 
opens into a mid-gut which communicates with the exterior via a short hind-gut. Both fore- and 
hind-gut are lined with cuticle but the mid-gut has a gastrodermis made up of columnar cells, 
30 x 20 microns, which have distal striated borders and basal vesicular nuclei 9 microns in diame- 
ter. The cells stand on a well-defined basement membrane beneath which is a narrow muscular 
layer continuous with the mesenteries suspending the gut from the body wall. Two types of 
cells, occurring in approximately equal numbers throughout the length of the mid-gut, can be 
distinguished on the basis of the reaction of their contents to the P.A.S. and Turnbull’s blue 
techniques. The first type contains large amounts of Turnbull-negative but strongly P.A.S.- 
positive and saliva-fast granules. These collect distally, so that the cell margin becomes dis- 
tended into a “bubble” which eventually bursts and discharges the granules into the lumen. This 
activity is most prominent after the entry of newly ingested food into the mid-gut and the gran- 
ules would appear, therefore, to be enzymatic in nature. The second type contains varying 
amounts of colorless P.A.S.-negative granules which give a strong Turnbull’s blue reaction for 
iron. Iron granules accumulate within the cell and cause the distal end to bulge more and more 
into the lumen until eventually the entire cell is extruded from the gastrodermis. Such extruded 
cells do not disintegrate but pass out intact with the feces, and hence iron granules are never 
found lying free in the lumen. 

The food consists of blood drawn from the lung capillaries but only rarely are intact eryth- 
rocytes seen in the mid-gut, so that hemolysis must follow closely upon ingestion. Oval to 
spherical bodies 40-60 microns in diameter and staining lightly with P.A.S. are often found in 
the lumen amongst the hemolysed corpuscles and these remain unchanged after all traces of the 
erythrocytes have disappeared and so apparently resist digestion. The origin and function of 
these bodies remains unknown. 

Digestion in Raillietiella appears to be mainly intraluminar since large amounts of brown to 
black granules of hematin form in the lumen soon after ingestion and hemolysis. This intra- 
luminar breakdown, however, must be supplemented by some digestive activity within the non- 
secretory cells of the gastrodermis, in view of the iron which accumulates here. These cells are 
primarily absorptive in function but when the material absorbed from the lumen includes un- 
changed hemoglobin they achieve its breakdown intracellularly. This intracellular digestion must 
be carried a stage further than the intraluminar process since the unwanted end product of the 
degradation of the prosthetic group is a simple colorless iron compound, not the pigment hematin, 
and this accumulates for several meals before elimination. 

In all the specimens examined the hind-gut was empty and this portion is probably used only 
during defecation. 

Digestive processes similar to those described here for Raillietiella occur in the hematopha- 
gous larva of the fly Gasterophilus (Dinulescu, G. 1932, Ann. sci. nat. Zool. 15: 1-183), where 
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hemolysis of ingested blood is followed by the appearance of hematin in the gut lumen and a 
simpler iron compound in the cells, and in the bug Rhodnius (Wigglesworth, V. B. 1943, Proc. 
Roy. Soc. B. 131: 313-339), where the iron accumulates in the gut cells throughout life. 

This work was carried out during the tenure of a Colombo Plan Scholarship granted to 
K.H.R. Our thanks are also due to Professor E. A. Spaul for facilities and criticism.—K. 
HANUMANTHA Rao Anp J. B. JENNINGS, Department of Zoology, University of Leeds, U. K. 


ANOTHER ANOMALY OF THE REPRODUCTIVE ORGANS IN 
ASCARIS LUMBRICOIDES 


Multiple reproductive organs have been reported in Ascaris lumbricoides var. suum in a few 
instances (Monaco and Mizelle, 1953, J. Parasit. 39: 22; Pollak, 1954, J. Parasit. 40: 480). 
These previous reports are from varied geographic areas. The cause for these anomalies has 
been ascribed to natural variation rather than to a specific local factor. Undoubtedly multiple 
reproductive organs in the pig Ascaris have been observed more often than they have been 
reported. 

In this laboratory, a specimen of Ascaris lumbricoides var. suum was encountered in which 
three complete ovaries, oviducts and uteri were found. All three units were complete, mature 
and functional. The uterine organs branched in a completely balanced, triple pattern (Fig. 1). 
Pollak described a specimen of swine Ascaris in which one of the two uterine branches divided.— 
D. Kenpatt Hass anp A. C. Topp, U. of Wisconsin, Madison. 





Figure 1. Reproductive organ anomaly in Ascaris lumbricoidces. 














STUDIES ON CHEMOTHERAPY OF EXPERIMENTAL 
SCHISTOSOMIASIS. 


V. ENHANCEMENT OF THE SCHISTOSOMACIDAL ACTIVITY OF 
TARTAR EMETIC AND STIBOPHEN BY GLYCERIN * 


GeEorGE W. LUTTERMOSER 


U. S. Department of Health, Education, and Welfare, Public Health Service 
National Institutes of Health 
National Institute of Allergy and Infectious Diseases,+ Bethesda, Maryland 


In the search for a better treatment for schistosomiasis, some attention has been 
given to the possibility of increasing the efficacy of accepted drugs by the use of 
adjuvants. Bueding and co-workers (1947, 1951) found that naphthoquinones 
acted synergistically with subcurative doses of stibophen to decrease the vital 
glycolytic activity of schistosomes “in vitro” and in experimental hosts. However, 
this combination did not prove to be more active than higher doses of stibophen. 
Dias (1952) reported that patients with schistosomiasis gained no apparent 
therapeutic benefit from the addition of vitamin K to tartar emetic when the latter 
was prepared for intravenous injection. In 1950, Schubert reported that the thioanti- 
monial compounds were more active than other antimonials and he also noted that 
the simultaneous, but separate, intraperitoneal injection of dithiopropanol (BAL) 
with a thioantimonial compound brought about the clearance of Schistosoma man- 
soni infection in mice whereas the antimonial compound alone did not. Friedheim 
(1956) synthesized a BAL antimonial compound and demonstrated its efficacy in 
human schistosomiasis. 

Although other adjuvants have been given for the preparation of the patient for 
therapy, none of these adjuvants is known to enhance the schistosomacidal effect of 
the commonly used drugs. This report summarizes some attempts to increase the 
activity of proven drugs by use of adjuvants and describes the enhancing effect of 
glycerin on the curative value of tartar emetic and stibophen in mice infected with 
S. mansoni. Prescott et al (1957, 1958) have demonstrated the detoxification of 
isoniazid and streptomycin by use of glycerin as an adjuvant. 


MATERIALS AND METHODS 


White Swiss mice were exposed to about 250 S. mansoni cercariae and were held for 35 
or more days, when treatment was undertaken as previously described (Luttermoser, 1954). 
The chemicals and drugs utilized were obtained commercially with the exception of sodium 
antimonyl glycerol which was synthesized. The chemicals were obtained in U.S.P. or C.P. 
grade. According to specifications, the glycerin (USP) utilized was not less than 95% glycerol 
and most of the remainder was water. The quantity of compound(s) which represented the 
dosage per kg body weight was contained in 5 ml water or was suspended in 5 ml of a 5% 
solution of gum arabic. The mice were treated with 0.005 ml of solution or suspension per g 
hody weight by means of a stomach tube or hypodermic needle. Five mice were placed on each 
preliminary test of activity. Usually 10 or more mice were utilized in critical tests of each of 


Received for publication September 18, 1958. 
* With the assistance of Drs. W. Haskins and B. Prescott and of technicians O. Kline, CG. 
Rowman, and L. Love. 
+ Laboratory of Tropical Diseases. 
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the drugs and drug combinations. Only animals which showed no gross signs of illness and 
differed only 1 or 2 g in body weight were used. Dosage of drugs was on basis of body weight. 
Treatment continued daily for 5 consecutive days in both types of tests. 

The animals were examined during the third week post-treatment. The livers and portal 
system of those on preliminary test were searched for encapsulated dead worms which were not 
seen in the untreated controls. Press-preparations were made of the livers and the relative 
numbers of dead worms resulting from different regimens were compared. Those adjuvant-drug 
combinations which produced an apparently greater “kill” than the drugs alone were studied 
critically by perfusing the parasites remaining alive out of each mouse and counting them. By 
comparing the average number of living schistosomes in the treated and untreated groups, the 
approximate percentage reduction in infection resulting from each treatment was estimated. 
After perfusion, press-preparations of the liver and portal system of each animal were examined 
for live and dead worms. Those combinations which were more active in preliminary trials were 


retested several times. 


RESULTS 


Tests of activity of tartar emetic with and without adjuvants. 

Luttermoser et al (1955) described the activity of tartar emetic and of other 
antimonials in mice infected with S. mansoni. In the present study, the compounds 
listed in Table I were used as adjuvants in an attempt to enhance the activity of 


TABLE I.—Compounds tested as adjuvants with tartar emctic* 











Com- Com- 
. Dose** . Dose** 

sa Compound (mg/Kg) — Compound (mg/Kg) 
1 2% Acetic acid 100 13 Catechol 2é 
2 Ascorbic acid 50 14 Resorcinol 25 
3 Citric acid 25 15 0.5% Chloroform 37 
4 1 N Lactic acid 225 16 Pentobarbital 30 
5 Malic acid 25 17 Thorazine 25 
6 Sodium potassium tartrate 400 18 Piperazine hydrochloride 25 
7 Tartaric acid 200 19 Protamine sulfate 250 
8 50% Glycerin 8,000 20 Glucosamine 100 
9 Glyceryl monostearate 50 21 50% Propylene glycol 1,300 
10 + Glyceraldehyde 250 22 75% Sesame oil 8,450 
11 Thicglycerol 809 23 Urea 250 
12 12%% Glyceric acid 465 24 Sodium glucuronate and glycine 300 





* 50 or 75 mg tartar emetic /Kg was given orally with one of the above compounds twice daily 


for 5 days. 
** Maximum dose given. 


tartar emetic. The tartar emetic solutions were made up fresh daily with and 
without adjuvant. Whenever the tolerance of the mice permitted, the two chemicals 
were administered in equal dosage and frequently the adjuvant was given in higher 
dosage than the drug. The animals received 50 or 75 mg of the drug per kg of body 
weight orally with and without one of the listed adjuvants, twice daily for 5 days. 
The schistosome infection was reduced about 50% in mice given the tartar emetic 
alone. Unless the percentage reduction resulting from adjuvant-drug therapy was 
apparently greater than this, no enhancement was claimed. None of the carboxylic 
acids (compounds 1, 3, 4, 5, 6 and 7) nor the aromatic acids (compounds 13 and 
14) increased the oral activity of tartar emetic. The same result was obtained with 
all the other adjuvants except glycerin. A precipitate formed when the solution of 
drug was mixed with each of the following compounds: 11, 12, 16, 18, 19 and 21. 
Although these mixtures were active, tartar emetic probably was no longer present 
as such. Attempts to increase the oral activity of tartar emetic with each of 4 
analogues of glycerol (compounds 9, 10, 11, 12) were unsuccessful. Similar 
negative results were obtained from the simultaneous intraperitoneal injection of 
heparin, diphenhydramine, ethyl m-aminobenzoate methansulfonate or diallyl barbi- 
turic acid with orally administered tartar emetic. 
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Enhancement of activity of tartar emetic by glycerin. 


In a preliminary test, an oral regimen of 10 doses of 50 mg tartar emetic/kg was 
given in a 50% aqueous solution of glycerin. Each dose of drug was thus admin- 
istered with 3.0 g glycerol/kg. In the examination of the treated mice, it could be 
seen that more schistosomes were killed by the combination than by the tartar emetic 
alone. This was confirmed by the results of four tests which are summarized in 
Table II. In all 4 tests, the average number of live worms perfused from the portal 


TABLE II.—Effect of oral regimen of tartar emetic* with or without glycerin on 
Schistosoma mansoni infections in mice. 





Average Number of Live Schistosomes Recovered from Mice 











YI Ww ¢ , ie_Clwearin®*® 
Test Untreated Controls oe ee Water Tartar — cerin 
No. Mice Worms/ Mouse No. Mice Worms/ Mouse No. Mice Worms/ Mouse 
A 8 23.8+ 7.07 8 22.7 + 3.1f 8 14.5+ 2.9+ 
2. 8 46.1+ 7.1 7 13.4+4.4 8 11.1+ 2.2 
3. 9 70.5 + 10.0 8 30.8 + 7.2 8 9.1+ 1.8 
4. 5 81.8+ 4.6 6 38.5 + 8.4 5 24.8 + 15.5 
Total 30 29 29 
Average 53.5 26.1f 13.9f 
% Reduction 


In Infection 0 51.2 74.0 





*— 50 or 75 mg. tartar emetic /Kg given orally twice daily for 5 days. 

** 50% glycerin or 3.0 gm. glycerol/Kg given with each dose of tartar emetic. 
+ Standard error of the mean. 
t Difference between these averages is significant at ‘05 level. 


system and liver of the mice treated with the drug alone was always less than the 
number perfused from the untreated controls. In 3 of the 4 tests, this regimen 
reduced the worm burden by more than 50%. However, the addition of the glycerin 
to the regimen resulted in an even greater reduction: up to 34% more in one of the 
tests. The variations in the worm counts from the mice in each group were calcu- 
lated and expressed as the standard error of the mean. Taking this variability into 
consideration, the difference in efficacy of the regimen was still apparent in each 
test. Since the 4 tests were conducted in similar fashion, the data were combined 
to calculate the overall mean worm burden for all 3 groups and to estimate the 
percentage reduction in infection in the 2 treated groups. The average number of 
worms remaining alive in the mice treated with tartar emetic was about one-half 
(48.8%) that perfused from the untreated controls to give an estimated 51.2% 
reduction in infection. The tartar emetic-glycerin regimen produced an estimated 
total percentage reduction of 74%. A comparison of the average infections on the 
basis of the actual worm counts involved indicated a significant difference between 
the treated groups at the .05 level.* Of 4 tests completed in addition to those above, 
3 resulted in a marked advantage for the tartar emetic-glycerin. 

The property of glycerin to enhance the activity of tartar emetic was not as 
apparent in 2 other series of mice treated orally once daily instead of twice as above. 
However, as would be expected, the lower total dosage of tartar emetic alone resulted 
in less reduction in infection. Thus for significant activity and enhancement thereof, 
it was necessary to administer sufficient tartar emetic with glycerin. 


* The statistical analyses were generously done by Mr. J. E. Lieberman, Biometrics Branch, 


NIH. 
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Preliminary tests were conducted to determine the activity of the combination 
of tartar emetic-glycerin when it was given parenterally. In groups of mice which 
had received 10 mg drug/kg in 25% glycerin subcutaneously, there did not appear 
to be greater reduction in infection than in those animals which had received the 
same regimen of tartar emetic without glycerin. In other animals which had been 
given the same dosage of tartar emetic intravenously and glycerin orally or both 
compounds intravenously, there was no evidence of greater activity because of the 
glycerin. Multiple injections of the antimony compound into the tail vein of mice 
usually resulted in hematoma and drug leakage into the tissues. A monkey infected 
with S. mansoni was given 4 intravenous injections of 2.5 mg tartar emetic/kg in 2 
days without any difficulty. After treatment there was no evidence of greater 
activity in this animal than in the control given the same regimen of tartar emetic in 
saline. 

Orally or parenterally administered glycerin alone apparently did not kill any 
schistosomes in mice treated with this compound. 


Tests of activity of stibophen with and without adjuvants. 

Since the use of glycerin as an adjuvant increased the schistosomacidal activity 
of tartar emetic, it was decided to test the effect of glycerin and other adjuvants on 
the efficacy of stibophen. The compounds listed in Table III were given intra- 


TasLe III.—Compounds tested as adjuvants with stibophen*. 











Com- Com- 
’ Dose** 1 Dose** 
——" Compound (mg/Kg) oe Compound (mg/Kg) 
8 25% Glycerin 1,500 25 Sodium catechol disulfonate 325 
10 Glyceraldehyde 250 26 Mannitol 1,600 
11 Thioglycerol 162 27 Sorbitol 5,500 
13 Catechol 25 28 Dithiopropanol 5 
14 Resorcinol 25 29 10% Propyl alcohol 400 
16 Pentobarbital 15 30 Diallyl barbituric acid 50 
21 25% Propylene glycol 648 31 Ethyl m-Aminobenzoate 
24 Sodium glucuronate and methansulfonate 10 
glycine 300 32 Heparin 10 





* 160 mg stibophen /kg was injected intraperitoneally with one of the compounds 6 times in 
5 days. 
** Maximum dose regimen given. 





peritoneally with stibophen. Infected mice received 160 mg of the drug per kg of 
body weight, with and without one of the adjuvants, 6 times in 5 days. This dosage 
of stibophen alone resulted in usually no more than 50% reduction in infeetion. 
Among the adjuvants were catechol and its disulfonate sodium salt, the latter being 
a component of the stibophen molecule. Besides glycerin and 2 of its analogues 
(10, 11) the list included 5 other compounds (21, 26-29) related to glycerin in that 
they are short chain aliphatic compounds of 3 or 6 carbons with one or more 
functional hydroxyl groups. Three anesthetics (16, 30, 31) were also tested as 
adjuvants, the last one of which has been reported by Manner (1957) to be of value 
for narcotizing invertebrates. None of these adjuvants except glycerin increased 
the activity of stibophen. 


Enhancement of activity of stibophen by glycerin. 

Evaluation of the effect of glycerin on stibophen was carried out as follows: Five 
groups of infected mice, 30 or more mice per group, were each divided into 3 lots. 
Lot 1 was maintained as the control, lot 2 received. 160 mg stibophen/kg body 
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weight in physiological saline once daily intraperitoneally for 5 consecutive days 
while lot 3 was given the same dosage of stibophen in 25% glycerin. When the mice 
were examined, the difference in efficacy of the 2 treatments was apparent. More 
lesions containing dead worms were present in the livers of the animals given the 
combined therapy. Fewer living worms were seen in the portal vein of the latter 
mice and fewer were obtained by the perfusion of the portal system of these animals. 
Table IV summarizes the average schistosome counts per mouse for each lot. The 


TABLE 1V.—Effect of intraperitoneal regimen of 160 mg stibophen/kg* with and without 
glycerin on Schistosoma mansoni infections in mice. 





Average Number of Live Schistosomes Recovered from Mice 





Stibophen-Glycerin** 


Test Untreated Controls Stibophen-Saline Treated Treated 





No. Mice Worms/ Mouse No. Mice Worms/ Mouse No. Mice Worms/ Mouse 





1 5 22.8 + 3.2¢ 8 7.9+1.4¢ 8 3.4 + 0.9F 
2 8 33.5 + 4.0 14 18.4+2.9 13 4.44+1.5 
3 10 34.4 + 3.0 9 33.4 + 4.3 9 12.2+ 4.4 
4 7 42.9+4.7 8 35.1 + 4.9 Ss 8.6 + 2.2 
5 10 51.1+6.4 10 87.5 + 7.7 10 11.6 + 2.0 

Total 40 49 48 

Average 88.4 26.1f 7.9t 

“ Reduction 


In Infection 0 82.0 79.4 





— given I.P. six times in 5 days. 
band ° ods glycerin or 1.5 gm wipcursi/te with each stibophen injection. 
+ Standard error of the mean. 
t ‘O01 = 2.5 the difference between these averages is significant. 


variability in the actual counts is indicated by the standard error of these averages. 
In each of the 5 tests, it can be seen that the lot of mice given the stibophen in 
glycerin consistently harbored less than half the worms found in the animals which 
had received the stibophen in saline. By combining the data of all the tests, the 
overall schistosome infection was 38.4 worms per mouse for the non-treated controls, 
26.1 worms per mouse for the stibophen-saline series and only 7.9 worms per mouse 
for the stibophen-glycerin series. A statistical comparison* of these average infec- 
tions on the basis of the actual worm counts involved indicated a difference between 
the mean infections of the treated groups significant at the .01 level. There was an 
estimated reduction of 32.0% in the worm burden resulting from the stibophen-saline 
treatment while there was a 79.4% reduction following the administration of 
stibophen-glycerin. The glycerin enhancement of stibophen was observed in 8 of 9 
additional tests. 

The activity of the stibophen-glycerin was compared with that of stibophen-saline 
following their parenteral use in mice by routes other than intraperitoneal. The 
standard dose of stibophen (160 mg/kg) was inactive when given intravenously and 
only weakly active by the subcutaneous route, and the addition of glycerin did not 
result in greater schistosomacidal activity. However, when this dosage of stibophen 
was doubled and given intravenously, some activity (less than 50% reduction in 
infection) resulted; 320 mg/kg, given intraperitoneally, practically cleared the 
animals. Greater efficacy was observed by the use of the 160-mg dose intramuscu- 
larly rather than subcutaneously but the intraperitoneal route gave the best results. 








* The statistical analyses were generously done by Mr. J. E. Lieberman, Biometrics Branch, 
NIH. 
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The administration of glycerin intramuscularly with stibophen did not appear to 
enhance the activity of the drug. Multiple intravenous injections of stibophen in 
25% glycerin solution (5 ml/kg body weight) into the tail vein of the mouse was 
difficult and usually resulted in a hematoma and leakage of drug into tissues. This 
difficulty was not encountered in multiple injections of 2 dogs with the dose of 
stibophen equivalent to 0.8 mg antimony/kg in 25% glycerin (0.3 ml/kg). The 
dogs suffered no untoward reactions following the daily intravenous injection of this 
dose for 7 and 12 days. The therapeutic value of the combination has not been 
determined in dogs. 


Comparison of the toxicity of the antimony drug with and without glycerin. 

The toxicity of the tartar emetic-glycerin combination was studied in non-infected 
mice. In the first test, a series of 6 lots of mice each was used. Each animal in a 
lot was given an intraperitoneal dose of 35, 40, 45, 50, 55 or 60 mg of the drug/kg 
in saline. Another series of mice received the same doses of tartar emetic in 25% 
glycerin (3.0g glycerol/kg). Twenty-five of the 42 mice given the tartar emetic in 
glycerin, died in 48 hours. This was 4 more deaths than in the series given the 
drug in saline. The second test was similar to the first. Seventeen of 42 mice 
receiving the glycerin-tartar emetic intraperitoneally died within the first 48 hours. 
Thirty-one deaths occurred in the series given the drug in saline. These results 
appear to indicate that the addition of glycerin did not increase the toxicity of tartar 
emetic for mice. A similar result was obtained in a third series of animals treated 
as above except that, after 15 hours of fasting, the mice were given 12.5 g glycerin 
/kg or 12.5 g dextrose/kg orally 2 hours before the intraperitoneal injection of 
tartar emetic. In test 4, each of the doses of 450, 500, 550, 600, and 650 mg tartar 
emetic/kg in water or in 25% glycerin was given orally to 10 mice. There were 34 
deaths among the 50 mice which had received the tartar emetic-water solution and 
33 deaths among those 50 given the tartar emetic-glycerin solution. 

The toxicity of the combination of tartar emetic-glycerin for dogs also was 
studied. A dog tolerated an intravenous dose of 0.8 mg antimony as tartar emetic/ 
kg with 34 mg glycerin/kg or a total of 32 mg tartar emetic in 1.6 ml water plus 0.4 
ml glycerin. The same dose of tartar emetic with 225 mg glycerin/kg was given to 
another dog once daily for 3 days. In this instance each injection consisted of 45 mg 
tartar emetic in 3 ml distilled water and 2 ml glycerin. No untoward reactions were 
observed. Four dogs received an intensive regimen of 2.5 mg tartar emetic/kg 
intravenously twice daily for 3 consecutive days. On the third day, 2 animals which 
had received the drug in 5 ml physiological saline showed signs of weakness while 
one of the 2 given the drug in 2 ml glycerol with 3 ml physiological saline experi- 
enced emesis and some weakness. All of the dogs lost a pound or less of body 
weight which was quickly regained after termination of drugging. The red blood cell 
counts of the animals receiving the tartar emetic-glycerin decreased somewhat more 
(100,000/mm* blood) than in the dogs given tartar emetic-saline. The significance 
of this difference is questionable since few counts were made and these counts all 
were within the range of red blood cell counts for normal animals as recorded in the 
Handbook on Biological Data, National Research Council, 1956. Changes in 
hematocrit and hemoglobin values were slight and no albumin or sugar was found in 
the urine of the treated dogs. Thus again no difference was observed between the 
intravenous regimen of tartar emetic in saline or tartar emetic in glycerin. 
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The influence of glycerin on the toxicity of stibophen for non-infected mice was 
likewise determined as described for tartar emetic. Within 48 hours after 4 paired 
series of mice were given the intraperitoneal doses of from 470 to 1,575 mg stibophen 
/kg, there were 72 deaths out of 118 mice receiving the stibophen in physiological 
saline and there was the same number among the 118 animals given the drug in 
25% glycerin or 3.0 glycerol/kg. Not only the total number of deaths but also the 
rate at which they occurred was the same for the 2 regimens. Furthermore, the 
same number of animals died from the higher doses of stibophen-glycerin as from the 
higher doses of stibophen-saline. A histopathological examination of the organs of 
other mice* indicated no evidence of toxicity in mice given the relatively high dose 
of 100 mg tartar emetic/kg orally twice daily for 3 days in 50% glycerin or in water. 


COMMENT AND DISCUSSION 


In this study of the effect of adjuvants on the activity of tartar emetic and of 
stibophen, the adjuvants were selected for the most part on their chemico-physical 
characteristics. For example, the organic acids of the type which are components 
of the tartar emetic or stibophen molecules were chosen because, by law of mass 
action, these might slow the dissociation of the drugs and result in higher blood 
levels of drugs for a longer period. In unpublished work, Dr. E. Friedheim found 
that sodium biscatechol disulfonate decreased the parenteral toxicity of tartar emetic 
and stibophen and increased their therapeutic index in Trypanosoma equiperdum 
infections in mice. In this study, relatively non-toxic solvents were tested to see 
whether they would enhance drug activity possibly by increasing the absorption and 
transport of these antimonials. 

There are at least 3 ways in which glycerin could enhance the schistosomacidal 
activity of stibophen and tartar emetic. First, glycerol itself might be active and it 
could exert an additive effect with drugs. Secondly, the glycerin could react with 
the drug to form a more active chemical, or finally, the presence of glycerin could 
stabilize the solutions of the antimonials and thus maintain active blood levels longer. 
In an attempt to determine which of these possibilities was most likely, the following 
additional observations of the author are mentioned. Glycerin itself was not found 
to be schistosomacidal in vivo. Neither the intraperitoneal administration of 25% 
glycerin nor the oral administration of 50% glycerin twice daily for 5 days resulted 
in death of these parasites in mice. However, although the addition of 10% glycerin 
to an in vitro maintenance medium did not affect adult schistosomes during a 24 
hour period, a 25% glycerin concentration immobilized and weakened the parasites 
in a few hours. Since it is known (Carr and Krantz, 1945) that mammals metabo- 
lize ingested glycerol to glycogen, it is unlikely that a glycerin concentration of 25% 
could be reached or long maintained in the blood stream. The compound, sodium 
antimony] glycerol, was easily synthesized from antimony trioxide, glycerin, and 
sodium hydroxide in the laboratory. Nevertheless, because of the relatively strongly 
alkaline condition necessary for its formation, it is unlikely that this sodium antimony 
complex would be formed in the body unless it could be accomplished by enzyme 
systems. It is to be noted, however, that after oral administration to mice, sodium 
antimonyl glycerol was almost as schistosomacidal as tartar emetic. There is also 
the possibility that glycerin enhanced the activity of the antimonials by maintaining 
the drugs at active blood levels for longer periods of time. Brady et al (1945) have 


* Dr. R. Habermann, National Cancer Institute, NIH, made these examinations. 
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shown that tartar emetic labelled with radioactive antimony, disappeared rapidly 
from the bloodstream. Following injection, the aqueous solution of tartar emetic 
may be converted rapidly to an inactive and insoluble antimony compound and then 
removed from the blood. In order to determine whether glycerin could delay the 
transformation of the drug, 0.12 N hydrochloric acid was added to aqueous and to 
50% glycerin solutions of tartar emetic. A precipitate appeared soon after 5 ml of 
the acid had been added to a solution of 1 g tartar emetic in 24 ml water. The 
precipitate did not form when the acid was added to the solution of 1 g tartar emetic 
in the same volume of a 50% glycerin solution. Furthermore, an insoluble antimony 
compound apparently did not precipitate out when 5% carbon dioxide gas was 
bubbled for 30 seconds through a solution of 250 mg tartar emetic in a 50% serum- 
glycerin solution as it did when the gas was bubbled through the tartar emetic in 
50% serum aqueous solution. The stabilizing effect of glycerin on tartar emetic in 
vitro, could also take place in vivo. Thus the possible prevention of the rapid 
decomposition of the drugs in vivo is a possible way in which glycerin acted to 
produce the enhancement observed. This possibility is in accord with the finding 
that enhancement was only obtained when the antimonials were administered by the 
same route with glycerin. Antimony blood levels should be determined in animals 
given the drugs in aqueous or in glycerin solutions. 

Since aqueous solutions of tartar emetic are unstable at room temperatures, it is 
standard procedure to make them up fresh immediately before injection. The addi- 
tion of a small amount of glycerin could result in more stable solutions. 

Glycerin might also enhance activity by speeding the entrance of the antimony 
compound into the body of the parasite. This possibility could also be tested by 
measuring the antimony levels in schistosomes removed from animals treated with 
aqueous or glycerin solutions of the drugs. 

The finding that glycerin could increase the activity of the antimony compounds 
against S. mansoni in mice suggests the testing of the activity of these combinations 
in larger animals. The effect of glycerin on the activity of additional heavy metal 
compounds against this infection and in others should be investigated. 


SUMMARY 


1. Mice infected with S. mansoni, were treated with tartar emetic or stibophen 
in combination with one of several possible adjuvants. 

2. Of the organic compounds tested, only glycerin enhanced the schistosomacidal 
activity of tartar emetic given orally and stibophen, intraperitoneally. 

3. Multiple intravenous injections of 25% glycerin solutions of tartar emetic or 
stibophen into mice and rats was difficult and usually resulted in leakage 
from the tail veins into the tissues. This was not the case with intravenous 
injections administered to dogs and monkeys. Following the intravenous 
regimen of either drug given to mice and rats, the enhancement effect of 
glycerin was not demonstrated. Such results could have been due to drug 
loss into the tissues. 

4. The acute toxicity of tartar emetic and stibophen for non-infected mice 
appeared to be similar when the drugs were in aqueous or glycerin solutions. 
The mortality of infected mice treated with multiple dosage of either drug in 
water or in glycerin was approximately of the same order. No marked 
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difference was observed in dogs given multiple intravenous injections of 
aqueous or of glycerin solutions of either of these drugs. 

5. The fact that tartar emetic was more stable in glycerin solution in the test tube 
suggests that in vivo this adjuvant could maintain the blood level of the drug 
for a longer period of time and thus produce enhancement. 


BIBLIOGRAPHY 


Brapy, F. J.. Lawton, A. H., Cowtr, D. B., ANprews, H. L., Ness, A. T., AND Oopen, G. E. 
1945 Localization of trivalent radioactive antimony following intravenous administration 
to dogs infected with Dirofilaria immitis. Am. J. Trop. Med. 25: 103-107. 

BuepinG, E., Peters, L., anp Waite, J. F. 1947 Effect of 2-methyl-1, 4-naphthoquinone on 
glycolysis of Schistosoma mansoni. Proc. Soc. Exp. Biol. & Med. 64: 111-113. 
AND 1951 Effect of naphthoquinones on Schistosoma mansoni “in vitro” and 
“in vivo.” J. Pharm. and Exp. Therap. 101: 210-229. 

Carr, C. J. AND Krantz, J. C., Jk. 1945 Metabolism of the sugar alcohols and their deriva- 
tives. Advances in Carbohydrate Chem. 1: 175-192. 

Dias, C. B. 1950 Quimioterapia Antimonial na Esquistossomose Mansonica. Rev. Serv. Exp. 
Saude Publica 4: 1-351. 

FRIEDHEIM, E., DA SItva, J. R. AND Martins, A. V. 1954 Treatment of Schistosomiasis man- 
soni with antimony—a, a’—dimercapto potassium succinate (TWSb). Am. J. Trop. 
Med. Hyg. 3: 714-747. 

LuTTERMOSER, G. W. 1954 Studies on the chemotherapy of experimental Schistosomiasis I. A 
method of detecting schistosomaticidal activity based on response of Schistosoma man- 
soni infections in mice to Fuadin therapy. J. Parasitol. 40: 130-137. 
, Bonn, H. W. ANp SHERMAN, J. F. 1955 Chemotherapy of experimental schistosomi- 
asis. IV. Oral activity of antimony trichloride antibiotic complexes. Proc. Soc. Exp. 
Biol. Med. 90: 122-124. 

MANNER, H. W. 1957 Anesthetize those planaria! Turtox News 35: 134. 

Prescott, B., KAUFFMANN, G. anp JAMES, W. D. 1957 Effect of glycerine on toxicity of 
isonazid in mice. Proc. Soc. Exp. Biol. & Med. 94: 272-276. 
5 , AND 1958 Means of increasing the tolerated dose of streptomycin 
in mice. Antibiotics and Chemotherapy 8: 27-32. 

ScuuBert, M. 1948 Effect of feeding antimony compounds to mice experimentally infected 

with Schistosoma mansoni. Am. J. Trop. Med. 30: 525-532. 











RESEARCH NOTE 


OCCURRENCE OF HEPATOZOON IN GRAY SQUIRRELS 
IN WISCONSIN 

Herman and Price (1955, J. Prot. 2: 48-51) and Weidanz and Hyland (1958, J. Parasit. 
44: 97) described a Hepatozoon from the leucocytes of gray squirrels (Sciurus carolinensis) in 
Maryland and Rhode Island. Clark (1958, J. Parasit. 44: 52-63) designated this blood sporo- 
zoan Hepatozoon griseisciuri. In the fall and winter of 1958, blood smears were made from 21 
gray squirrels shot during the hunting season. Examination of these 21 smears, following their 
staining with Giemsa’s stain, showed one positive infection with Hepatozoon. 

Herman and Price detailed a technique for the concentration of white cells to facilitate 
location of gametocytes in fresh blood. Blood from 4 gray squirrels collected in Juneau County, 
Wisconsin, in February 1959 was examined by their technique. Gametocytes of Hepatoszoon 
were observed in 2 of these preparations. Under phase microscopy, these gametocytes were 
closely comparable with those shown in illustrations by Herman and Price. Typical gametocyte 
morphology was observed when duplicate blood smears were stained with Giemsa’s stain. 

Hepatosoon griseisciuri in smears furnished by Herman were compared with our specimens : 
no morphological differences were detectable. Presumably, the Wisconsin Hepatosoon is 
griseisciuri. Since Wisconsin is close to the northern and western edge of the gray squirrel’s 
range, these present records extend the known range of the parasite considerably westward. 
Rosert S. Dorney AND A. C. Topp, Department of Veterinary Science, University of Wisconsin. 











STUDIES ON BLOOD FLUKES OF THE GENUS SANGUINICOLA* 


DuANE G. ERICKSONt AND FRANKLIN G. WALLACE 


Department of Zoology, University of Minnesota, Minneapolis, Minnesota 


Since Plehn’s (1905, 1908) original description of Sanguinicola inermis and S. 
armata, a total of 10 species of this genus from fresh water fish have been described 
from Europe, Africa, Argentina, and the United States. The life cycles of some of 
these parasites have been studied by Odhner (1911), who reported the observations 
of Looss, Scheuring (1922), and Ejsmont (1926). Although no report has been 
made on the life cycles of 3 of the species reported from the Western Hemisphere, 
Sanguinicola occidentalis Van Cleave and Mueller, 1932, S. huronis Fischthal, 1949 
and S. argentinensis Szidat, 1951, recently Wales (1958) reported some observations 
on the life cycles of the new species found in trout, Sanguinicola davisi and S. klama- 
thensis. Observations on the adult, sporocyst, and cercaria of a new species of 
Sanguinicola and the sporocyst, cercaria, and egg of another species found in Minne- 
sota are presented here. 

During 1947 one of us (F. G. W.) experimentally infected 2 shiners, Notropis 
hudsonius Clinton, with fish blood flukes by exposing them to cercariae from snails, 
Valvata tricarinata Say, collected from Lake Francis, Isanti County, Minnesota. 
This adult fluke and its cercaria and sporocyst have now been studied further and are 
described below as Sanguinicola lophophora n. sp. During the fall and winter of 
1953-54, 2 forms of lophocercous cercariae were found in Valvata tricarinata snails 
collected from Lake Johanna in Ramsey County north of St. Paul, Minnesota. One 
of these was found to be the same form as those studied in 1947. Infection experi- 
ments with the other species of cercaria yielded no adults, but one of the experimental 
fish contained eggs, presumably of Sanguinicola. This cercaria is described below 
as Cercaria cristafera n. sp. 


MATERIALS AND METHODS 


The snails were placed in well water in 15 x 1.5 cm test tubes, 3 snails in each tube, and then 
were isolated individually upon evidence of infection. The water in the tubes was changed daily, 
and small pieces of lettuce were used as food. If at the end of 10-14 days no infection was noted, 
approximately half of the collection of snails was placed in storage in an aquarium, and the re- 
mainder were crushed and examined microscopically for trematode larvae. 

Cercariae were studied in the living condition in water under cover glass pressure using both 
the ordinary light and phase contrast microscopes. Living cercariae were also stained with 
1: 1000 aqueous solutions of neutral red or nile-blue sulfate: Cercariae were fixed with hot 5% 
formalin and stained with Ehrlich’s haematoxylin or Semichon’s aceto-carmine. A few cercariae 
were imbedded in tissue mat, sectioned and stained with Delafield’s haematoxylin and eosin. 
Measurements of cercariae were made on fixed material in a liquid mount. 
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Behavior studies on the cercariae were made with the assistance of a small magnifying glass 
and a binocular dissecting microscope. 

Sporocysts and adult flukes were fixed with 5% formalin and Bouin’s fluid, respectively, and 
stained with Ehrlich’s haematoxylin or Semichon’s aceto-carmine, and mounted in balsam. 

In most of the infection experiments the fish were placed in small continuously aerated 
aquaria or 500-ml dishes of water with snails which were shedding cercariae. In one experiment 
the water from a tube containing infected snails was poured daily into a dish containing the 
experimental fish. 

Attempts to detect infection in the experimental fish were made by dissecting fish, by placing 
them in aquaria with uninfected snails, which were examined after 20 and 32 weeks, and by plac- 
ing fish in aerated side arm flasks (McMullen and Beaver, 1945) for the recovery of miracidia. 

Eggs of Sanguinicola cristafera were teased out of the gill tissue of the experimentally in- 
fected fish and were then picked up in a capillary mouth pipette and were kept in 0.7% saline, 
and in water at room temperature and in the refrigerator. Their development was followed by 
daily microscopic examinations using a 3 mm water immersion objective. Thirty-one fish of 10 
species: Boleosoma nigrum (2), Catostomus commersonnii (1), Fundulus diaphanus (1), Lepo- 
mis cyanellus (1), Lepomis gibbosus (3), Micropterus dolomieu (1), Notropis heterolepis (10), 
Notropis hudsonius (2), Hyborhynchus notatus (8), Schilbeodes sp. (2), from Lake Johanna, 
Ramsey County, the source of the experimental fish, were kept as controls and all were found 
free from infection. 

Sanguinicola lophophora n. sp. 
(All measurements in millimeters, average first followed by range in parentheses ) 

Diagnosis of adult (P1. I, Fig. 1) : Sanguinicola. Body 0.445 (0.296-0.525) long and 0.087 
(0.064-0.145) wide; delicate, tapered somewhat narrower in the posterior half than in the anterior 
half; posterior end not constricted off; bearing regularly arranged marginal spines with the 
points directed posteriorly ; spines largest in middle part of body and absent posterior to ovary; 
no setae or bristles; anterior end constricted off as a short snout bearing marginal spines only. 
Mouth opening anterior on tip of snout; no pharynx seen in sinuous esophagus ; esophagus termi- 
nating in 4-lobed, short intestinal cecum at 1/3 body length from anterior end. A dilation of the 
esophagus surrounded by a concentration of cell nuclei is seen just anterior to its termination in 
cecum. 

Ovary represented by poorly defined group of vesicles, 2/3 body length from anterior end. 
Oviduct indistinct, extends posteriorly to ootype located 1/10 body length from posterior end of 
body. Uterus short, running anteriorly from ootype to dorsal female genital pore approximately 
in mid-line. Vitellaria consist of a lateral series of fine vesicles running from about the level 
of the ovary anteriorly to the anterior fourth of esophagus. Vitelline duct indistinct. 

Testes consisting of 17-18 pairs of vesicles extending on both sides of mid-line from intestinal 
cecum posteriorly to ovary. Vas deferens sinuous, extending in mid-line posteriorly from testes 
to shortly posterior to ovary where it curves toward the left side and becomes thick-walled cirrus 
pouch. Cirrus pouch curves slightly toward mid-line, opening dorsally at male genital pore 
slightly posterior and lateral to female pore. 

Experimental host: Notropis hudsonius. 

Location in host: Blood vessels of entire body; seen in fins of intact host. 

Locality: Lake Francis, Isanti County and Lake Johanna, Ramsey County, Minnesota. 

Intermediate host: Valvata tricarinata. 

Type: Parasite Collection, Dept. of Zoology, University of Minnesota, Minneapolis, Minne- 
sota. 

Cercaria of Sanguinicola lophophora 


(Pl. II, Fig. 3, 4; Pl. 1, Fig. 3) 


(All measurements in microns, average first, followed by range in parentheses) 

Diagnosis: Apharyngeal, brevifurcate, monostome lophocercous cercariae. 

Body length 129 (115-135), body depth at base 27 (26-28), body depth at middle 30 (28-34), 
fin fold greatest height: 15 (13-19), tail stem length: 259 (245-275), tail stem width at body: 
22 (19-26), length of furcae with terminal fins: 100 (93-109), penetration organ length: 29 (28- 
31), penetration organ width at base: 18 (17-21). Some contraction occurs when cercariae are 
fixed. Dorsal fin-fold extends posteriorly in mid-line from near penetration organ to near pos- 
terior end of body; height of fin-fold is half middle depth of body. Body length equal to half 
length of tail stem. Penetration organ protrusible, snout-like, set off from rest of body by a con- 
striction, has protrusible terminal papilla, and 6 rows of posteriorly directed penetration spines 
circling the anterior third. Oral and ventral suckers absent. Penetration glands numerous, ex- 
tending anteriorly from genital primordium in posterior region of body and opening on penetra- 
tion organ. No rudimentary acetabulum. Mouth and gut not apparent. Eye spots absent. Ex- 
cretory vesicle at base of body with single caudal excretory canal running to posterior seventh 
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of tail stem where it divides into a tubule into each furca. Excretory tubules open on tip of fur- 
cae. Flame cells not discernible. Tail stem and furcae with scattered fine spines on cuticle. 
Occasional spines seen scattered on body. Tail stem musculature appears as in a herringbone 
arrangement in dorsal or ventral view. 

Sporocyst: Oval, sac-like, thin-walled; containing 3-5 germ balls and/or 1-3 cercariae in 
various stages of development. Found in digestive gland of snail. Measurements of hot 5% 
formalin fixed specimens: length: 96 (75-115), width: 64 (53-82). 

The ventral bending of the body and the presence of a.median dorsal fin-fold 
cause the cercariae to lie on one side when mounted. This makes a ventral mounting 
of the cercariae extremely difficult to obtain. Thus, the body depth is given rather 
than width. Examination of unmounted cercariae shows that the body is slightly 
compressed laterally. 

The body bears a median dorsal membranous-appearing fin-fold or crest extend- 
ing from near the posterior end of the body anteriorly nearly to the penetration organ. 
On contraction of the living cercarial body, the shape of the crest changes, and it 
becomes folded so that it appears traversed by a number of ray-like lines ; however, 
most of these folds disappear on extension of the body again. These folds may be 
present in fixed material to some degree. The crest resembles the undulating mem- 
brane of a trypanosome, but it shows no movement other than the folding described 
above. In transverse section the fin-fold is seen to be an extension of the cuticular 
lamellae of the body. This appears as a solid structure without an inner cavity at 
1000 x magnification. Flame cells can not be seen because of the opacity of other 
structures. 

In addition to irregularly scattered small spines visible on the cuticle of the tail 
stem and furcae, the dorsal and ventral lines of the tail stem possess filaments, or 
hair-like structures, which are visible in living cercariae studied with the phase 
contrast microscope. These filaments, which are about 1/5 the tail stem diameter in 
length and occur at regular intervals on the middle 34 of the tail stem, are not 
clearly visible in fixed specimens. These are probably similar in nature to those 
described for other cercariae. 

The furcae bear fin-folds on their dorsal-ventral margins terminating in bluntly 
pointed fins at their distal ends. In a dorsal or ventral view of the furca, these fin- 
folds appear as a sinuous line running down the furca to the tip. The furcae at the 
junction with the tail stem are set off by a slight constriction which appears as a line 
across the base of each furca. 


Behavior of Cercariae 


These cercariae were found to emerge from snails at various times of the day. 
Emergence was stimulated at times by a change of water in the tubes, but illumina- 
tion and warmth (ca. 80°F) were necessary to effect an abundant release of cercariae. 
The length of life is about 24 hours. 

No shadow or phototropic response was exhibited. When placed in a container 
in a dark room with a small light at one side of the room for an hour the cercariae 
showed no orientation with respect to the illumination. A disturbance in the water 
seemed to stimulate a burst of swimming activity. 

The swimming movements are sporadic. A short period of activity is followed 
by a longer period of inactivity in which the cercariae are carried about by the water 
currents. The actual swimming movements of the cercariae are most easily followed 
if a drop of alcohol or a crystal of chlorobutanol is added to the water containing the 
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cercariae. This anesthetizes the cercariae somewhat and the slowed muscular con- 
tractions can be foliowed under a dissecting microscope. The swimming action is 
produced both by a violent straightening after the curving of the tail until the furcae 
touch the body and by a lashing of the tail back and forth. These swimming move- 
ments carry the cercariae in a spiral path upwards with the tail in advance. After 
swimming a distance of from a few millimeters to a few centimeters, the cercariae 
will abruptly halt activity and assume the floating position in which they are carried 
about by the water currents. 

The pelagic characteristics of this cercaria were reported in detail by Wesenberg- 
Lund (1934) who showed that the position of the cercaria at rest is such that the 
body is curved in a horizontal position in the water with the tail in a curve above it. 
This gives the floating cercaria the appearance of a more or less closed inverted 
comma (see plates). The tail may be so curved that the furcae actually rest on the 
body, thereby forming a loop. Usually, however, the position is that of a strongly 
curved inverted comma with the body below the tail and at a right angle to its longi- 
tudinal axis. The study of cercariae floating in the water clearly demonstrates the 
function of the dorsal fin-fold. The horizontal position of the body places the fin-fold 
in a position to create the greatest resistance to sinking. The furcal fin-folds are also 
used in the same way since the tail is held so that the furcal fins are at a right angle 
to the line of descent. This behavior is very efficient; the cercariae settle in the 
water only very slowly and actually are often carried to the surface by water currents. 

The cercaria of S. lophophora was found in Valvata tricarinata from Lake Fran- 
cis in October 12, 1946 and March 27, 1948. In 1953-54 11 of 700 (1.6%) Valvata 
tricarinata from Lake Johanna, Ramsey County, Minnesota shed this species. Of 
about 3800 snails in 1956-57 from the same lake, one was infected. 


Cercaria cristafera n. sp. 


(Pl. I, Figs. 1-2; Pl. II, Fig. 4) 


(All measurements in microns, average first, followed by range in parentheses) 

Diagnosis: Apharyngeal brevifurcate monostome lophocercous cercaria. Body length 227 
(202-234), body depth at base: 56 (52-60), body depth at middle: 51 (48-54), fin fold greatest 
height: 11 (6-20), tail stem length: 335 (320-347), tail stem width at body: 41 (35-48), furcae 
length with terminal fin: 131 (118-139), penetration organ length: 33 (31-34), penetration organ 
width at base: 29 (27-31). Some contraction occurs when cercariae are fixed. Body filled with 
refractile parenchymal cells. Dorsal fin-fold extends posteriorly in mid-line from near penetra- 
tion organ to posterior sixth of body only. Height of fin-fold never attains 1% middle depth of 
body. Body length equal to % length of tail stem plus the length of furcae with fins. Penetra- 
tion organ protrusible, snout-like, set off from rest of body by a constriction, has protrusible 
terminal papilla and 6 rows of posteriorly directed penetration spines circling the anterior one 
third. Oral and ventral suckers absent. No rudimentary acetabulum. Mouth and gut not appar- 
ent. Penetration glands numerous, extending from genital primordium in posterior region of 
body anteriorly and opening on penetration organ. Eye spots absent. Excretory vesicle at base 
of body with single caudal excretory canal running to posterior seventh of tail stem where it 
divides into a tubule into each furca. Excretory tubules open on tip of furcae. Flame cells not 
discernible. Tail stem and furcae with scattered fine spines on cuticle. Occasional spines seen 
scattered on body. Tail stem musculature appears as in a herring-bone arrangement in dorsal 
or ventral view. 

Sporocyst: Oval, sac-like, thin-walled; containing 3-5 germ balls and/or 1-3 cercariae in 
various stages of development found in digestive gland of snail. Length: 217 (178-243). width: 
164 (143-200). 

Experimental host of adult: Notropis heterolepis. 

Snail host: Va!vata tricarinata. 

Locality: Lake Johanna, Ramsey County, Minnesota. 

Holotype: Parasite Collection, Dept. of Zoology, University of Minnesota, Minneapolis, 
Minnesota. 
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C. cristafera resembles the cercaria of Sanguinicola lophophora in morphology, 
host, and behavior but differs significantly in size and proportions. C. cristafera is 
larger, its fin-fold is shorter and lower, relatively, and its body is longer in proportion 
to the length of the tail. 

No snails infected with both species were found. 

This species of cercaria appeared in 14 (2%) of the 700 snails from Lake Jo- 
hanna in 1953-54 and in 4 (0.1%) of the 3800 collected in 1956-57. 


Experimental infection of fish 


In 1947 two minnows (Notropis hudsonius Clinton) were put in an aquarium 
with Valvata snails from Lake Francis on October 20. Ten weeks later the fish 
looked bloated, hemorrhagic, and rough. One was dissected and numerous trema- 
tode larvae, which were mistaken for developing strigeid metacercariae, moved ac- 
tively in the fins and muscles. Twenty weeks after the beginning of the experiment 
the other fish was dissected and the numerous flukes that were seen in the blood ves- 
sels of the fins and came out into the saline as the fish was dissected, were recognized 
as Sanguinicola. These provided the material used in th: ubove description of S. 
lophophora. 

The snails were isolated in vials and the cercariae which emerged from one were 
measured and drawn and were identified subsequently with the smaller of the two 
species later described in detail. 

In 1954 eleven Hyborhynchus notatus (Rafinesque) were placed in an aquarium 
with 5 snails shedding cercariae of Sanguinicola lophophora for 4 weeks. The fish 
were dissected at various intervals from 6 to 24 weeks from the beginning of the ex- 
periment. None was found infected. 

In 1957 four Notropis heterolepis Eigenmann were placed in a 500-ml glass dish 
with continuously aerated water, and the water from a single snail shedding numer- 
ous cercariae of S. lophophora was added daily for 6 days. After 12 weeks the fish 
were dissected with negative results. 

In 1954 and 1957 a number of attempts to produce infection in 28 fish with C. 
cristafera yielded a partially successful result. 

In 1954 four Carassius auratus (Linne) and 10 Hyborhynchus notatus were 
placed in an aquarium with 10 snails shedding Cercaria cristafera. The goldfish were 
examined at the end of the 4-week exposure period and the minnows at intervals 
from 2 to 20 weeks thereafter with negative results. 

In 1957 two Lepomis gibbosus and 3 Notropis heterolepis were placed in a 500- 
ml dish with 2 infected snails for 4 weeks and were then transferred to an aquarium 
with 20 uninfected snails. After 20 weeks, 1 of the fish, a 4-cm Notropis, was found 
lying on the bottom of the aquarium, still alive but very sluggish. It was dissected 
and examined minutely. No blood flukes or other parasites were found, but the cap- 
illaries of the gills were found to be crowded with eggs which were extruded into the 
saline when the gills were compressed. These eggs were about 65 microns in length 
and 27 microns wide. When viewed from the side, their shape was roughly a flat 
isosceles triangle with rounded apices. They resemble a football with somewhat 
thinly tapered ends in ventral or dorsal view (see Plate II). The shell of the egg 
was very thin and compression on the cover glass of a liquid mount caused the shell 
to burst. Neither spines nor opercula were seen. 
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The gills were teased apart to release the eggs which were then collected with a 
capillary pipette. Some of the eggs were stored in saline in a refrigerator, others 
were placed in well water at room temperature, and the rest were placed in saline at 
room temperature. These were examined daily with a 3 mm water-immersion objec- 
tive for the first 2 weeks and weekly thereafter for 10 weeks. The embryos in the 
eggs in the gills at dissection were at varying stages of development from 1 to a few 
cells. A few of the eggs in the saline and water preparations appeared to undergo 
a few cleavages but none showed any differentiation beyond the very early cleavage 
stages. No difference was noted between the eggs kept in saline and those kept in 
well water. 

After the discovery of the infected fish the remaining 4 fish were placed individ- 
ually in side arm flasks for a week in order to collect any miracidia released and were 
then returned to the aquarium for 12 more weeks after which they were examined. 
No further evidence of infection was obtained. 

In another 1957 experiment with Cercaria cristafera, 2 Boleosoma nigrum, 2 Le- 
pomis gibbosus, 1 Fundulus diaphanus, and 1 Notropis heterolepis were exposed for 
3 weeks to this cercaria emerging from a single Valvata. Twenty uninfected snails 
in the aquarium remained uninfected, and the examination of the fish after 20 weeks 
revealed no infection. 

A final experiment with the large cercaria was the exposure of 1 Lepomis and 2 
Notropis heterolepis for 2 weeks to C. cristafera emerging from a single snail. 
Thirteen uninfected snails kept with these fish for 6 weeks remained uninfected and 
examination of the fish after 8 weeks gave negative results. 


DISCUSSION 


The lophocercous cercariae (Liihe, 1909) occur in 3 different groups, the Clino- 
stomatidae, the Spirorchiidae, and the Aporocotylidae. 

Those with eyespots which develop in rediae and lack furcal fin-folds such as C. 
bombayensis No. 8 Soparkar, 1921 ; C. brevifurca McCoy, 1929; C. whitentoni Croft, 
1933; and C. Clinostomum marginatum Krull, 1934 constitute one group which are 
probably all clinostomatids. 

The cercariae of spirorchids (See Wall 1940, 1941) have an atypical fin-fold 
which, if present at all, has a central cavity and disappears on extension of the body. 

Lophocercous cercariae possessing a typical body fin-fold and developing in 
sporocysts are, as far as known, cercariae of the Aporocotylidae (Sanguinicolidae). 

Wales (1958) described 2 new Sanguinicola species whose cercariae possess 
characteristics not previously seen in larvae of this genus. The cercariae of San- 
guinicola davisi lack the dorsal body fin-fold and furcal fin-folds which have been so 
consistently seen in Sanguinicola cercariae. Moreover, the snail hosts, Owytrema 
circumlineata and O. silicula, were said to contain large numbers of sporocyst and 
redia stages of the fluke. This is the first report of a redia stage for a Sanguinicola. 

The cercariae of S. klamathensis lack furcal fin-folds, and the furcae are tipped 
with claw-like projections. This cercaria resembles Cercaria bombayensis No. 8 
Soparkar, 1921 in this respect and in the reduced length of the body fin-fold. Wales’ 
description is not sufficiently detailed to permit further comparison, but the total 
length of this cercaria is much greater than that of C. bombayensis No. 8. More- 
over, in the sketch presented C. S. klamathensis appears to possess furcae the length 
of which is more than % the length of the tail stem; hence, it is longifurcate. 
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The two cercariae named here are the first lophocerous cercariae which possess 
both a dorsal body fin-fold and furcal fin-folds to be recorded from North America. 

A taxonomic key to the species of freshwater, brevifurcate, lophocercous cer- 
cariae and a detailed review of the literature sources for these were presented in the 
original thesis. 

The two cercariae described here most closely resemble Cercaria lophosoma 
Johnston and Beckwith, 1947, from Australia. However, certain well defined char- 
acteristics separate them as distinct species. 

In C. lophosoma the caudal excretory canal forms a long island of Cort near the 
body and forks into 2 tubules which pass into each furca at about 34 the length of the 
tail stem from the body. The tail musculature is described as consisting of a dorsal 
and a ventral set of fibers running in 2 directions. When viewed from the side, this 
appears as a herring-bone arrangement with the apices of one set directed forward 
and the apices of the other, backward. The tail stem is also described as possessing 
a few scattered hair-like structures dorsally which are about 34 or more of the diame- 
ter of the tail stem in length. The size of hot 5% formalin-fixed specimens in milli- 
meters is: (mean given with size range in parentheses) body length: .095 (.082- 
.108), tail stem length: .196 (.180-.213), furcae length: .063 (.054-.073). The 
furcae do not appear to be set off from the tail stem by a distinct line or constriction. 
The gastropod host is Notopala hanleyi. 

The 2 species of cercaria studied here differ from C. lophosoma in all these char- 
acteristics. The caudal excretory canal does not form an island of Cort, and it forks 
to the furcae close to the distal end of the tail stem in about its posterior seventh. 
The tail stem musculature, as described above, consists of 2 lateral sets rather than 
dorsal and ventral sets. This appears as in a herring-bone arrangement only when 
viewed from either the dorsal or ventral aspect of the tail stem. The hairs, or fila- 
ments, on the tail stem are found on both dorsal and ventral lines in a regular ar- 
rangement and do not exceed 4 of the tail stem diameter in length. Finally, both 
these cercariae are larger than C. lophosoma, and occur in a different gastropod 
host, Valcata tricarinata. 

The adult Sanguinicola lophophora differs from other described species of the 
genus. It resembles S. armata Plehn and S. davisi Wales more closely than the 
other species. It is distinct from S. armata in size, in the number of testes, and in the 
ootype ratio (the ratio of the distance from the ootype to the posterior end of the 
body to the length of the body). It differs from S. davisi in the number and form 
of the testes, in the arrangement of the genital ducts and pores, and in the location 
of the mouth opening. 

A taxonomic key constructed by McIntosh (1934) and modified by Skrjabin 
(1951) for species of the genus is presented in a somewhat modified form to accom- 
modate this new species and the 2 new species described by Wales (1958). 


A Key to Species of the Genus Sanguinicola 


1. With paired vitelline ducts; cuticular spines in irregular arrangement; posterior end con- 
stricted off from rest of body .............. 4 S. occidentalis Van Cleave and Mueller, 1932 
With unpaired vitelline ducts ; cuticular spines in single marginal series or absent; posterior 
ae i III BEN 05505 5) 8 eo ces eo 0 c's Loic sa OES Veda clo vie vse bua eeeNeweues 
Body with no cuticular spines, at most only setae present ................ 000 c cece eee 3 
SM IE NOOR 5 Sk SS nn ncn wd aso Svc A wh dba ot hae bas pea Ree Ree oak 4 
3. Distance from posterior margin of ootype to posterior end of body is 1/7 of entire body 
MINE Sos cies Vc ON Sala SETS BAY NEN EGE ANEW ES TENTERS CORSO LEW S. inermis Plehn, 1905 


te 
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Distance from posterior margin of ootype to posterior end of body is 1/26 of entire body 


SSE ELE, LP REE SS ES CE ERECT, oR CTR Ry er Oe DCN ae een S. huronis Fischthal, 1949 
4. Mouth opening subterminal, opening posterior to snout ............. 2.0. e eee eee eee 5 
NE I I ro CN eho nas bat EA CESS EVE A CEN Soh here siiee concede ds 6 


5. Distance from anterior end to caecum is 4 of body length; caecum not lobulated 
S. klamathensis Wales, 1958 
Distance from anterior end to caecum is 1/3 of body length; caecum lobulated 
S. davisi Wales, 1958 


O, “QGRCIE of Tidy Wat BOE MONE oo cs sync cece lode seaceseve ed S. intermedia Ejsmont, 1926 
eer reee tran INE I UNO Er url occ k's Glau ged tas pany we pec een es eee daisies 7 
7. Antestine lotutateds 10 Or’ sn688 DAies OF COSRES oii soe nine kee ede ee se vetarecvence 8 
Intestine not lobulated ; 6-7 pairs of testes .................--8 ¢ S. chalmersi Odhner, 1924 
yO TAIN MIEN eer try cad ies chee ach a gus UANG Ue heed ch wa) ste eipescnes 9 


Testes of tubular, much branched form; number of vesicles too numerous to be determined 
S. argentinensis Szidat, 1951 


DEP ES GUMPMM so ee are ak a chip SSK 2s ano Uae Che Bie de ko ee S. armata Plehn, 1905 
Sei TE URN Sg cig nek alk RSC Ra RON oa tle Gale Ved sie badelne save 10 
10. 17-18 pairs of testes; distance from anterior end of body to diverticula of intestinal caeca is 
Ee NSE tig SENS inet Bay gre | Ean eee S. lophophora 
20 pairs of testes; distance above is 4 of body length ............ S. volgensis Rasin, 1929 


While no adult flukes were reared by exposure of fish to Cercaria cristafera, the 
eggs recovered from one fish resemble those of Sanguinicola. 

Ejsmont (1926) and Szidat (1951), found Sanguinicola eggs in the blood ves- 
sels of fish without being able to find any flukes. Ejsmont found that adult worms 
were easily lost by way of the fish gills upon injury to the fish and that this occurs 
especially in winter months. Scheuring (1922), found that the flukes quickly die 
during examination ; the body becomes vacuolated and covered with blisters and be- 
comes useless for study. It is believed that it is more likely, however, that the blood 
flukes had already disappeared from our fish before its weakened condition was 
noticed. 

Scheuring’s work gives further information pertinent to the results of this experi- 
ment. He often found egg-containing tumors or capsules in the gills, kidneys, and 
heart of fish. These were also mentioned by Ejsmont (1926) and Szidat (1951). 
His observations indicated that the eggs quickly hatch out in the blood at summer 
temperatures and the miracidia escape through the gills into the water, but at winter 
temperatures, they hatch only very slowly and hence remained in the blood vessels 
long enough to become encapsulated because of the irritation to the endothelium. 

Thus, if the fish used in this experiment had been infected before the experiment 
began, eggs would have been present in the body for about 28 weeks and some encap- 
sulation should have occurred. No capsules or tumors of any kind were observed 
on careful examination of the entire fish. One would also expect to find some eggs 
in the advanced stage of development if the infection were of such long duration, but 
all of these eggs were in early cleavage stages indicating that they were probably of 
recent origin. The large number of uninfected fish dissected, both controls and neg- 
ative experimental fish, further indicates that the infection occurred in the laboratory. 

The eggs found in this experiment differ in appearance slightly from the triangu- 
lar eggs described by Ejsmont (1926) for the 3 species of Sanguinicola known at 
that time in that the triangular form is suppressed somewhat by a greater rounding 
of the apices. However, the appearance of this egg from the ventral or dorsal aspect 
is almost identical to the football shape shown by Ejsmont for that view of S. armata 
eggs. Rasin (1929) and Szidat (1951) reported the eggs of S. volgensis and S. ar- 
gentinensis, respectively to be oval in form; so deviation from the typical triangular 
Sanguinicola egg has previously been established. 
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Wales (1958) expressed the opinion that this genus should be broadened to in- 
clude S. davisi which has oval eggs and S. klamathensis which has spherical eggs and 
an ootype which contains several eggs at one time. In his reduction of Rasin’s genus 
Janickia to a synonym of Sanguinicola, McIntosh (1934) concluded that these dif- 
ferences, which also occur in Sanguinicola (Janickia) volgensis, do not justify the 
erection of a new genus. Therefore, the genus Sanguinicola had previously been 
broadened to include these characteristics. 


Taste I. Characteristics of Members of the Genus Sanguinicola 











5 + 
x 5 Zz = % 
>e £ pd = = oe 
P<2-) I wD A 4 
3 6F = 3S g 5 m 2 a 
Species ms = Pe 2 = 2 Zé < 
4e g nas £ > om &% FA 
Ee a = ° 3 ¢ of 2s o 
an nm S Zz ~ i) = ax = 
8. armata Plehn, 1.5 + 1/3 5 10 1/7 Trian. Cyprini- 
905 Regular formes 
8. inermis Plehn, 1 ~ 1/3 4 15 1/7 = Trian. ” 
1905 w/Setae 
8S. chalmersi Odhner, 1.228 + 1/3 Not 6-7 1/14 ? sg 
1924 Regular Lobed 
S. intermedia 1 + 1/8 45 10 1/7 Trian. = 
Ejsmont, 1926 Reg.&w/ 
Setae 
S. volgensis Rasin, 2 + 1/4 4 20 + 1/13 Oval - 1-9 ova in 
1929 Regular ut. at a time 
8. occidentalis 1.3 . 1/4 4 15 1/11 ? Perci- Post. end 
Van Cleave & Irregular formes constricted 
Mueller, 1932 rH) 
S. huronis 815 - 1/4 4 ? 1/26 ? =f 
Fischthal, 1949 
8. argentinensis 1.7 Bristles 1/4 4 Many 1/10 Oval Cyprini- 
Szidat, 1951 formes 
S. davisi Wales, 85 . 1/3 4 Massive 1/11 Oval Clupei- Mouth 
1958 Regular Irregular formes subterminal 
S. klamathensis 3.15 + 1/4 Not ? 1/8 Spheri- Clupei- Several ova 
Wales, 1958 Reg.&w/ Lobed eal formes in ut. at 
small a time 
spines 
S. lophophora .525 + 1/3 4 17-18 1/10 ? Cyprini- Ant. end w/ 
Regular formes char, snout 








* Ratio of distance from anterior end of body to diverticula of intestinal caeca to length of body. 
7 Ratio of distance from ootype to posterior end of body to length of body. 


It has been observed by Looss (in Odhner, 1911), Scheuring (1922) Ejsmont 
(1926), and others, that blood flukes are pathogenic to fish. Wesenberg-Lund 
(1934) described an experiment in which goldfish were placed in aquaria with an 
enormous number of cercariae emerging from snails in the water. The fish became 
sluggish in 24 hours and invariably died in 1-2 days. The pathological changes in 
the endothelium of the circulatory system resulting from the presence of the eggs in 
the blood were cited above. Wales (1958) described a California epizootic among 
rainbow trout in which about 300,000 fish were lost due to infections with Sanguini- 
cola davisi. He also reported the loss of 5000 Lahontan cutthroat trout fingerlings 
at the Klamath Hatchery in Oregon due to infections with S. klamathensis. He 
found that the loss of blood when the miracidia emerge may be lethal. In advanced 
cases the gill filaments were pale and flaccid and crowded with eggs, but otherwise 
the fish were normal in appearance. The fish infected experimentally in this study 
became edematous, hemorrhagic, and sluggish and the one exposed to Cercariae crista- 
fera was moribund when sacrificed. The massive infiltration of the gills with eggs 
probably accounted for this condition since most of the gill circulation seemed to be 
occluded. 
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A more abundant sou:ce of material must be sought to amplify these observa- 
tions and obtain the adult form of Cercaria cristafera. 


SUMMARY 

A new species of fish blood fluke from Notropis hudsonius and its lophocercous 
cercariae and sporocysts from Valvata tricarinata are described. The designation 
Sanguinicola lophophora n. sp. is proposed for this form. 

Another new species of lophocercous cercaria and its sporocysts are described 
from Valvata tricarinata. It is proposed that this form be designated Cercaria cris- 
tafera. This cercaria was found to mature experimentally in Notropis heterolepis 
to a species of Sanguinicola. However, this was indicated only by the presence of 
Sanguinicola-type eggs in the blood vessels of the gills of the infected fish. The 
adult form of this species has not yet been obtained. 

Important characteristics of members oi the genus Sanguinicola are compiled in 
tabular form and the taxonomic key of McIntosh (1934) and Skrjabin (1951) has 
been modified to include the new species of this genus. 
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EXPLANATION OF PLATES 


(Figures drawn with the aid of a camera lucida) 
Abbreviations 


C.E.C. caudal excretory canal, C.P. cirrus pouch, D.C. diverticula of caecum, 
E. esophagus, E.V. excretory vesicle, EX.T. excretory canal termination in flask-like bulb, 
F. furcae, F.F. finfold, F.F.F. furcal fin-fold, FI. filaments or hairs, G.P.F. female genital 
pore, G.P.M. male genital pore, G.PR. genital primordium, M.F. muscle fibers, M.S. mar- 
ginal spines, N.F. nuclei of furcae, N.T. nuclei of tail-stem, O. opening of duct, OT. octype, 
OV. ovary, OVD. oviduct, P. papilla, P.G. penetration glands, P.G.D. penetration gland 
ducts, P.O. penetration organ, P.S. penetration spines, S. snout, SP. spines on cuticle, 
T. testes, T.S. tail-stem, UT. uter.s or metraterm, V.D. vas deferens, VIT. vitellaria. 





RESEARCH NOTE 
TETRAHYMENA INFECTION IN THE EARTHWORM 


According to the literature, ciliates of the genus Tetrahymena Furgason, 1941, are capable 
of a parasitic way of life (facultative parasitism) in many different animals. They have been 
found especially in some groups of insects, and also in slugs and snails, gammarids, and even in 
vertebrates ; e.g., fish, amphibians and birds. In the latter hosts, they probably occur only in the 
earliest stages of ontogenetic development of these animals. Except in the personal communica- 
tion by Stoute, quoted briefly by Corliss (1954, J. Prot. 1: 156-169) we can find no records of 
Tetrahymena infections in oligochaetes. The resistance of this group of animals has been cor- 
roborated by the failure of experimental infections with Tetrahymena (Janda and Jirovec, 1937, 
Mem. Soc. Zool. Tchéc., Prague 5: 34-58 and J. C. Thompson, 1958, J. Prot. 5: 203-205). We 
have found one specimen of Allolobophora caliginosa var. trapesoides heavily infected by Tetra- 
hymena pyriformis. The infected earthworm was collected in the environs of Prague. Another 
80 specimens of the same species from the same locality were dissected, but no other case of in- 
fection was detected. In the infected earthworm large numbers of ciliates were found in the 
coelomic cavity of all body segments. We did not succeed in cultivating the ciliate. 

The mean body dimensions were 26 x 49 microns; the cell was rounded and pyriform. The 
total number of ciliary meridians was 23-24, with the arrangement typical for T. pyriformis; the 
pyriform shape of the mouth apparatus and the structure of the membranelles also correspond 
to this species. There were two POM, according to Corliss’ system of classifying the infacilia- 
ture, formed by ciliary meridians 1, 23: in one case their position was anomalous in that they 
skirted the mouth apparatus to its top. The secondary ciliary meridians, 2° PM, however, are 
in most specimens developed in the form of fine, often interrupted lines, with rare commissures 
to the left, towards the 1° PM. The contractile vacuole pores are 2 in number, on the 5th and 
6th ciliary meridians, and on the 8th ciliary meridian also when a third pore is found. The 
macronucleus is oval to spherical, the longer dimension being about 15 microns, with a closely 
adjoining micronucleus, which stains intensely and is rounded, with a diameter of 3 microns. 
There are no developed caudal cilia. According to its morphology, without taking the occurrence 
of the third contractile vacuole pore on 8th meridian into consideration, this ciliate appears to be 
T. pyriformis, belonging most probably to the group “b”—19—23 meridians, 2° PM weak, with 
micronucleus, described by Corliss (1952, Proc. Soc. Protozool. 3: 3).—Jiki Lom, Protozoologi- 
cal Laboratory of the Czechoslovakian Academy of Sciences, Prague, CSR. 
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Pate I 


Figure 1. Lateral view of Cercaria cristafera showing details of body and anterior of tail- 
stem. 

Ficure 2. Lateral view of Cercaria cristafera showing details of posterior part of tail-stem 
and furcae. 

Ficure 3. Ventral view of Cercaria lophophora showing herring-bone arrangement of 
muscle fibers of tail-stem. 

Ficurr 4. Typical floating positions of cercariae in water. 





Tre 


322 THE JOURNAL OF PARASITOLOGY 




























OWN itt. 
3 


O.imm. 


ALLS TLLL HULSE 


ASL MMP 





PrateE II 


Ficure 1. Composite drawing from 5 specimens of Sanguinicola lophophora. Dorsal view. 

Figure 2. Enlarged detail of left marginal spines as seen at the level of the first vesicles of 
testes. 

Figure 3. Cercaria lophophora drawn to same scale as Figure 4 in order to show size rela- 
tionships and difference in dorsal body fin-fold in the two species. Lateral view. 

Ficure 4. Cercaria cristafera. Lateral view. 

Ficure 5. Lateral view of egg of Sanguinicola species from Notropis heterolepis. 

Figure 6. Ventral view of egg of Sanguinicola species from Notropis heterolepis. 








THE DESCRIPTION OF ACANTHATRIUM BEUSCHLEINI N. SP., 
A NEW TREMATODE PARASITE OF BATS; AND A RE-EVALU- 
ATION OF THE REPRODUCTIVE SYSTEM OF ACANTHA- 
TRIUM SOGANDARESI COIL AND KUNTZ, 1958. 


Tuomas C, CHENG 


Department of Histology and Embryology, University of Maryland Dental School, 
Baltimore, Maryland 





The systematics and diagnostic characteristics for the members of the trematode 
genus Acanthatrium Faust, 1919 have been discussed by Cheng (1957). In the 
same paper he listed 14 species and 1 variety of the genus. Since that time Coil and 
Kuntz (1958) have described an additional species, A. sogandaresi, from the bat, 
Plecotus auriius, captured at Istanbul, Turkey. 

During the summer of 1957 the author had the opportunity to examine 5 speci- 
mens of the bat, Eptesicus f. fuscus, captured in 2 localities in Albemarle County, 
Virginia. Three of these bats, from 1 locality, were parasitized with 3 species of 
minute intestinal flukes; 1 identified as Acanthatrium eptesici Alicata, 1932, 1 as 
Lecithodendrium sp., while the third appears to be a new species of Acanthatrium. 
The other 2 bats, from the second locality, harbored 2 species of Acanthatrium; A. 
nycteridis Faust, 1919 and A. amphidymum Cheng, 1957. 

The name Acanthatrium beuschleini is proposed for the new species. The 
specific name beuschleini is given in honor of the author’s good friend and former 
colleague, Miss Muriel Beuschlein, Department of Biology, University of Virginia. 

A total of 12 specimens were recovered from the small intestines of the 3 bats; 3 
from the first, 4 from the second, and 5 from the third. Upon examining the stained 
and mounted specimens, it was realized that the same fluke had previously been 
encountered during the summer of 1955 as a parasite of Myotis lucifugus at Moun- 
tain Lake, Giles County, Virginia, but had not been described at that time. The 
author’s collection provided 3 additional specimens of A. beuschleini. 

The following description is based on 14 specimens. All measurements given 
in millimeters. 


Acanthatrium beuschleini n. sp. 


Description: Body oval to pear-shaped, 0.18-0.301 (average 0.246) long, 0.16-0.23 (average 0.18) 
wide ; cuticle completely covered with extremely small, closely set spines which are not readily 
visible in fixed specimens; anterior sucker subterminal, 0.04-0.08 (average 0.06) by 0.05-0.08 
(average 0.063) ; acetabulum in middle of body, 0.05-0.06 (average 0.051) in dameter; pre- 
pharynx absent, muscular pharynx 0.014-0.04 (average 0.028) in diameter, esophagus short, 
0.01-0.03 in length, intestinal ceca short, reaching anterior margins of testes; testes oval, situated 
on each side and partially anterior to acetabulum, right testis 0.04-0.07 by 0.04-0.06, left testis 
0.032-0.05 by 0.031-0.063; ovary slightly irregular in outline in some specimens, suboval in 
others, 0.034-0.062 by 0.022-0.044, posterior and mesiad to left or right testis, partially over- 
lapping acetabulum; odtype 0.01-0.012 in diameter ; uterus with ascending and descending limbs 
containing relatively few eggs, ranging from 2 to 31 eggs in specimens studied; both vas 
deferens and uterus empty into common genital atrium which in turn opens to the exterior 
through a common genital pore situated in middle of conspicuous, glandular prostate mass; pros- 
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tate mass, 0.02-0.04 by 0.04-0.05 (average 0.032 by 0.044), situated between testes, partially 
overlapping them along its lateral borders; atrial spines, 11 in number, 0.003-0.005 in length, 
arranged parallel to each other, pointed posteriad; common genital pore in middle of prostate 
mass; vitellaria of irregularly shaped follicles, compactly arranged in 2 lateral fields on each 
side of esophagus and overlapping intestinal ceca dorsally. Eggs operculate, .031-0.05 by 0.01- 
0.028. Excretory vesicle Y-shaped with terminal excretory pore. 

Habitat: Small intestines. 

Type locality: Albemarle County, Virginia (five miles west of Charlottesville). 

Type host: Eptesicus f. fuscus. 

Type specimen: USNM Helminth. Coll. No. 38388. 

Paratypes in author’s collection. 


DISCUSSION 


Acanthatrium beuschleini, with its body dimensions averaging 0.246 by 0.18 mm, 
is significantly smaller than the other known species of the genus except for A. nyc- 
terides Faust, 1919, which measures 0.185-0.2 mm by 0.15-0.16 mm. However, it 
can be distinguished from A. nycterides by the arrangement of its atrial spines which 
are in a row rather than separated into 3 groups, one associated with each lobe of the 
3-chambered atrium as found in the older species. 

The genital atrium of A. beuschleini is not partitioned and this condition easily 
separates it from A. amphidymum Cheng, 1957, A. japonicum (Yamaguti, 1939), A. 
nycterides Faust, 1919 and A. alicatai Macy, 1940. The genital atrium of A. 
beuschleini does not possess a conical diverticulum lined with spines and is thus 
distinguished from A. ovatum Yamaguti, 1939. The parallel atrial spines of the 
new species distinguishes it from A. pipistrelli Macy, 1940 in which there is 1 group 
of spines which is pointed posteriad and 2 lateral groups which are pointed mesiad ; 
from A. microcanthum Macy, 1940 in which the spines are circumferentially ar- 
ranged; from A. macyi Sogandares-Bernal, 1956 in which the blunt spines are 
larger (7-12 microns long) and which are circumferentially arranged at the utero- 
atrial junction. 

The ovary of A. beuschleini is not lobed and is thus distinguished from A. sphae- 
rula (Looss, 1896) in which the ovary is multi-lobed. The unlobed acetabulum of 
the new species separates it from A. jonesi Sogandares-Bernal, 1956 in which the 
acetabulum is distinctly lobed. The presence of a distinct esophagus separates A. 
beuschleini from A. mollossidis Martin, 1934 and from A. oregonense Macy, 1939; 
in the latter 2 species the esophagus is definitely absent. 

Acanthatrium beuschleini appears to be most closely related to A. eptesici Ali- 
cata, 1932 and A. oligacanthum Cheng, 1957, however, it can be distinguished 
from the former by its smaller body dimensions which are 0.702-1.2 mm by 0.466- 
0.764 mm for A. eptesici, and also by its smaller atrial spines (for comparative 
measurements see Cheng, 1957) ; it differs from A. oligacanthum by the number and 
sizes of its atrial spines, there being consistently 9 in A. oligacanthum and 11 in A. 
beuschleini. 

In addition to the above listed differences, A. beuschleini is the only known spe- 
cies which possesses a completely spinous cuticle. It is generally agreed that the 
morphology, size and arrangement of the atrial spines are the most valid and reliable 
characteristics for distinguishing the species of Acanthatrium, and the atrial spines 
of A. beuschleini (Fig. 3.) are strikingly different from those found in the other 
species. 
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OBSERVATIONS ON THE REPRODUCTIVE SYSTEM OF A. SOGANDARESI 


In 1958 Coil and Kuntz described A. sogandaresi and in the diagnosis stated: 
“Terminal male genitalia large spherical mass, dorsal and lateral to acetabulum, con- 
taining numerous prostate cells and large seminal vesicle of irregular shape.” This 
condition does not conform to the arrangement as found in A. pipistrelli and A. 
oligacanthum (Cheng, In press). In these 2 species the glandular prostate mass is 
independent of the terminal end of the male ejaculatory duct which structure either 
empties independently into the genital atrium (as in A. pipistrelli) or is fed the 
secretive material from the prostate glands prior to its entrance into the atrium (as 
in A. oligacanthum) ; in neither case can the prostate mass be termed the “terminal 
male genitalia”. Furthermore, the drawing of Coil and Kuntz (1958: 64) shows 
the spines attached to the distal end of the “genital atrium” which is not closely 
associated with, nor adjacent to the prostate mass as has been reported for all the 
other known species. This unusual condition as described in A. sogandaresi initi- 
ated further investigation on the part of the author. The type marked as USNM 
Helminth. Coll. No. 38279 was examined. 

A critical examination of the type revealed that apparently the specimen had 
been subjected to considerable pressure and the ejaculatory duct, which is normally 
dorsal to the genital atrium, had been pushed anteriad and separated from the atrial 
junction, although not as distant from the junction as Coil and Kuntz had pictured. 
It is this terminal end of the ejaculatory duct that Coil and Kuntz termed the “geni- 
tal atrium.” The true atrium was seen in its proper place in the center of the 
prostate mass, opening ventrally through the genital pore. The ascending limb of 
the uterus was seen to enter the common atrium. These observations strongly 
suggest that the reproductive structures of A. sogandaresi are identically arranged 
as those of the other species i.e. the male ejaculatory duct and the female metraterm 
(although not muscular) enter the genital atrium independently and the prostate 
glands either secrete directly into the male duct or into the atrium proper. The 
reinterpreted system is in agreement with that found in the other species and con- 
forms to the earlier observations of Macy (personal communication) and the histo- 
logical studies by the author (in-press). 

Apparently the drawing of A. sogandaresi in the original paper is not of the 
type specimen since the type revealed large vitelline follicles which intermingle along 
the medial line of the body (Fig. 5.), each follicle ranging from 0.061 to 0.088 by 
0.032 to 0.053 mm. Nevertheless, this species is distinct from the others by the 
pattern of its vitellaria, being the only species in which the vitelline follicles inter- 
mingle along the midline. 

It is questionable whether the atrial spines of A. soganderesi are actually at- 
tached to the distal end of the ejaculatory duct in the normal state ; most likely these 
spines were originally situated in the genital atrium, as in the other species, but 
were severed from their original location by pressure and became associated with 
the dislocated ejaculatory duct. 
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EXPLANATION OF PLATE I 


Ficure 1. Type specimen of Acanthatrium beuschleini n. sp. Dorsal view. 

Ficure 2. Eggs of A. beuschleini. Camera lucida. 

Ficure 3. Enlarged drawing of prostate mass of A. beuschleini showing atrial spines. 

Ficure 4. Anterior end of type specimen of A. sogandaresi Coil and Kuntz, 1958. 

Ficure 5. Paratype specimen of A. beuschleini. Dorsal view. 

PM: Prostate mass; T: testis; OV: Ovary; VIT: vitellaria; AS: Anterior sucker; GP: 
Genital pore; AC: Acetabulum. 








STUDIES ON THE LIFE HISTORY OF MOSESIA CHORDEILESIA 
MCMULLEN, 1936 (TREMATODA: LECITHODENDRIIDAE)* 


Joun E. HAttt 


Department of Biological Sciences, Purdue University 


Mosesia chordeilesia is a lecithodendriid trematode parasitizing the small intes- 
tines of insectivorous birds. McMullen (1936) reported it from nighthawks 
(Chordeiles minor) and purple martins (Progne subis) in Michigan. He obtained 
adults experimentally by feeding to canaries metacercariae in naturally infected 
mayfly naiads and suggested that a non-virgulate stylet cercaria from Goniobasis 
livescens might be the larva of M. chordeilesia. That possibility was indicated by 
the similarity of the stylet and excretory bladder in the cercaria and metacercaria, 
but attempts to induce penetration of mayfly naiads by the cercariae were unsuccess- 
ful. 

Stylet cercariae have been incriminated as larvae of members of the family 
Lecithodendriidae on 8 other occasions. As determined by Brown (1933) and 
Mathias and Vignaud (1935) respectively, the cercariae of Lecithodendrium 
(= Prosthodendrium) chilostomum and Pleurogenes claviger belong to the Cercariae 
microcotylae of Lithe (1909), i.e. the ventral sucker is smaller than the oral sucker 
and the latter is not equipped with a virgula organ. Members of the Cercariae 
virgulae Liihe, 1909, which contain a pear-shaped “organ” in the oral sucker have 
been determined as the larvae of Lecithodendrium (= Prosthodendrium) pyramidum 
by Abdel Azim (1936), Loxogenes liberum by Okabe (1937), Pleurogenes japonicus 
by Shibue (1953), Cephalophallus obscurus by Macy and Moore (1954), and 
Acanthatrium oregonense and Allassogonoporus vespertilionis by Knight and Pratt 
(1955). 

Seitner (1945) studied Cercariae virgulae from Indiana and reported 5 new 
species. Kruidenier (1951) greatly extended his observations on the virgula organ 
and showed that it consists basically of a pair of sac-like structures serving as 
reservoirs for mucoid secretions from paired unicellular “previrgula” glands imme- 
diately posterior to the oral sucker of the incompletely developed cercaria. Prior to 
emergence, the glands discharge their contents into the oral sucker and disappear. 
Kriudenier studied the histochemistry of the previrgula and other glands of the 
cercaria and discussed their function. 

In 1955, the writer began a comparative study of these larvae and their life 
histories. The present paper reports a part of that study. 


TECHNIQUE 


Cercariae were studied alive, with and without neutral red as an intra-vitam stain. To make 
features of the excretory system more distinct, NaCl solutions of various concentrations were 
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used routinely after it was found that salines were better for the purpose than urine. In general, 
weak saline (0.1 to 0.2% NaCl) gave the best results with cercarial embryos whereas the excre- 
tory system of fully developed cercariae was most distinct when the larvae were placed in stronger 
salt solutions (up to 0.6% NaCl.) If, as has been suggested, the flame cells are primarily osmo- 
regulatory in function, they would be expected to be less active in salines than in water. In that 
case, the effect of salines in making the flame cells more easily seen would be a slowing rather 
than an acceleration of their activity. In cercarial embryos, on the other hand, it seems that the 
low salt concentrations found best for observing the embryology of the excretory system actually 
stimulate the flame cells to activity as the osmotic pressure of such solutions probably is signifi- 
cantly lower than that of the snail tissues. 

Measurements, drawings, and other descriptive features of fully developed cercariae includ- 
ing the shape of the virgula organ are based on larvae that emerged spontaneously and were 
killed by transferring them to a Stender dish with a small amount of water and quickly adding 
several volumes of hot 3% formalin. The cercariae were then transferred to a slide in an excess 
of fluid, covered with a no. 1 cover glass, and measured without direct cover glass pressure. Hot 
formalin-fixation caused an immediate swelling of the virgula organ to a size and shape which 
remained constant within a species even after standing in fixative for several months. Some 
cercariae were prepared as whole mounts stained with Semichon’s aceto-carmine to observe the 
genital primordium more precisely than it could be seen in living specimens. 

Metacercariae were removed from their cysts either with dissecting needles or by the method 
of Macy and Moore (1954) which employs a low concentration of NaOH. The writer found it 
necessary to replace that solution with 0.3% saline after the cyst is weakened but before the 
worms are injured by the alkali. Metacercariae so treated may emerge spontaneously; if they 
do not, the weakened cyst can be removed with needles. Metacercariae were fixed in hot 3% 
formalin, AFA, or corrosive sublimate-acetic acid, with and without cover glass pressure, and 
were stained in Semichon’s aceto-carmine. Measurements and drawings of both metacercariae 
and adults are based in part on living and in part on fixed and stained specimens. Figures of 
sporocysts, cercariae, and encysted metacercariae are free-hand but to scale from numerous 
measurements. Metacercariae removed from the cyst and adults were prepared as stained whole 
mounts and drawn with the aid of a microprojector. All measurements are in millimeters. 


EXPERIMENTAL DETERMINATION OF THE LIFE HISTORY 


After mayfly naiads (Hexagenia limbata) were found to be naturally infected 
with metacercariae evidently belonging to the Lecithodendriidae, it was determined 
experimentally that 3 species of virgulate xiphidiocercariae from the Tippecanoe and 
Wabash Rivers, Indiana would penetrate and encyst in those naiads. One, Cercaria 
neustica Seitner 1945, was observed to do so with 3 lots of the insects. In the first, 
naiads were examined at intervals after exposure, and observations were made on 
growth and development of the metacercariae, but difficulties in obtaining naiads free 
of natural infections and keeping them alive in the laboratory postponed feeding 
experiments with vertebrates at that time. 

In the summer of 1957, naiads of H. limbata were collected from a creek where 
they contained only metacercariae of a papillose allocreadiid, as determined by the 
examination of 25 individuals. Insects from that source were then used in further 
experiments with virgulate cercariae. Twenty-three naiads were exposed in groups 
of 2 to 4 to C. neustica for 2 to 12 hours, depending on the size of the naiads and the 
number of cercariae available. Following exposure, the insects were placed in 
battery jars containing mud and water which was aerated and maintained at a tem- 
perature of 20-25°C. Three died and decomposed before examination could be 
made, but 17 of 20 became infected with metacercariae, including 2 which emerged 
as subimagos. 

Each of 6 newly hatched chicks was fed 1 experimentally infected naiad contain- 
ing metacercariae 42-48 days of age. Eggs appeared in the feces on the 6th day and 
persisted for 2.5 weeks in one bird that was permitted to live that long. It was killed 
and examined on the 29th day after feeding and the others after 3, 5, 6, 10, and 17 
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days. In every case, ovigerous adults of Mosesia chordeilesia were recovered from 
the small intestine, their numbers ranging from 22 to 170 per bird. A young ham- 
ster, fed a naiad containing metacercariae 111 days of age, harbored approximately 
115 worms when examined 4 days later. 

Several specimens of Goniobasis livescens were exposed to eggs that had been 
obtained by teasing adult worms. These eggs had been allowed to develop in water 
at room temperature for 12 to 18 days before placing them with the snails. A few 
empty egg shells were found in the feces of the snails 2 to 3 days after exposure, but 
no evidence of sporocysts was observed in 6 snails examined 5 to 50 days later by 
teasing or in serial sections of the visceral mass. 


DESCRIPTION OF STAGES IN THE LIFE HISTORY 


Sporocysts (Fig. 1). The only sporocysts observed were those giving rise to 
cercariae and thus presumed to be second generation sporocysts. What evidently is 
a paletot binding them together suggests that the miracidium-sporocyst of Mosesia 
chordeilesia is similar to that stage of certain plagiorchioids in which the young 
miracidium-sporocyst is extremely difficult to find and is represented later by the 
paletot enclosing daughter sporocysts which may or may not migrate from the loca- 
tion at which they develop in the host. (Cort, Ameel, and Van der Woude, 1954). 

The sporocysts occur in the digestive gland of both Pleurocera acuta and Gonio- 
basis livescens. Frequently it was difficult to separate them from the host tissue, 
especially in light infections. The sporocysts are round to oval, 0.079 to 0.235 long, 
0.067 to 0.185 wide and have a fairly thick wall. Each sporocyst contains 5 to 12 
developing cercariae, more being present in apparently young sporocysts. Even in 
those in which most of the cercariae appear to be fully developed, at least one ger- 
minal mass is present. A cellular protuberance is frequently seen at one point of the 
sporocyst wall. Its tip may be ragged, indicating that it is a portion of the miracid- 
ium-sporocyst or paletot broken at a constriction between adjacent daughter sporo- 
cysts. A narrow passage opening at the tip may serve as a birth canal, but its func- 
tion as such was not observed. 


Cercaria (Figs. 2-6). 


Description based on cercariae from 6 naturally infected snails; measurements based on 
material killed in hot 3% formalin: Body elongated-oval, 0.132-0.174 long, 0.048-0.082 wide, 
usually somewhat truncated at both ends in fixed specimens. Entire body and tail covered with 
fine spines not enlarged at tip of tail; cuticle of body with at least 5 papillae bearing setae on each 
side. Tail attached posteroventrally in a depression of the body; length of tail 0.101-0.155, width 
0.015-0.022. Mouth subterminal; oral sucker 0.033-0.040 long, 0.030-0.037 wide, with small 
virgula organ measuring 0.019-0.027 long, 0.023-0.035 wide, its right and left halves usually 
fused posteriorly. Stylet set horizontally in oral sucker, with distinct shoulder region between 
tip and proximal portion which consists of a sclerotized shaft and a less refractile basal extension 
of the core; total length of stylet 0.019-0.024, tip 0.004-0.006, shoulder 0.002-0.004, shaft 0.007- 
0.010, base 0.003-0.006; width at shoulder 0.005-0.006, at base 0.005-0.008. Stylet curved ven- 
trally, the tip tapering gradually from the shoulder region, then curving toward point; sides of 
shaft distinctly concave. Prepharynx short; pharynx 0.007-0.012 long, 0.010-0.015 wide; esoph- 
agus and intestine not observed. Ventral sucker protrusible, 0.016-0.021 in diameter, its opening 
surrounded by enlarged cuticular spines ; anterior margin of sucker 0.064-0.083 from anterior end 
of body. Genital primordium dorsal and posterior to ventral sucker, basically C-shaped, slightly 
lobed. Three pairs of unicellular cephalic glands lateral and posterior to ventral sucker, with 
ducts extending anteriorly to pass dorsally over the oral sucker, curve ventrally and open near 
tip of stylet ; ducts of anterior pair median to others which form a bundle of 2 ducts on each side 
of the forebody. Cytoplasm of posterior pair of glands with slightly coarser granules than in 
other pairs and staining slightly with neutral red; other cephalic glands similar and not staining 
with that dye. Cystogenous glands not evident, parenchyma usually with refractile spherules 
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resembling oil droplets. Excretory bladder U- to V-shaped; main excretory tubules divide near 
posterior border of ventral sucker to form an anterior and a posterior collecting tubule; flame 
cell formula 2 [(2+2+2) + (2+2+2)]. 

Hosts: Goniobasis livescens; Pleurocera acuta. 

Localities and time of year: Wabash and Tippecanoe Rivers, Indiana; July—October. 


The cercaria of Mosesia chordeilesia is characterized by the arrangement of the 
cephalic gland ducts, the small virgula organ, the shape of the stylet, and the but 
slightly dissimilar texture and staining reactions of the cephalic glands. 

A few observations were made on the development of the excretory system in 
cercarial embryos. The primary tubules of the youngest ones studied (Fig. 2) 
opened at the body-tail furrow as in other plagiorchioid cercariae. The primordium 
of the excretory epithelium was not observed, nor were the flame cell capillaries. 
Each half of a more advanced embryo contained 6 flame cells (Fig. 3), each evidently 
representing a group of 2 flame cells in the fully developed cercaria. 

The cercariae emerge at various times of the day, but most of them are shed in 
late afternoon and evening. On emergence, they swim continuously for several 
minutes by rapid lashing of the tail and move in an up and down path. Swimming is 
followed by short rest periods during which the larvae sink to the bottom where they 
may use the suckers to progress slowly in an inchworm fashion, or they may lie on 
the bottom and alternately contract and extend the body. Eventually the swimming 
periods become shorter and less vigorous with more time spent on the bottom of the 
dish. No phototactic behavior except a slight negative response to light was ob- 
served. 

The cercaria of M. chordeilesia failed to penetrate various dragonfly and damsel- 
fly naiads (Gomphus spp., Dromogomphus sp., Calopteryx sp., and Hetaerina 
americana), but entered and encysted in alderfly larvae (Sialis sp.) and naiads of 
Hexagenia limbata. Experiments with Sialis larvae were not extensive and develop- 
ment was followed only in H. limbata. The penetration process was not observed, 
but numerous, unencysted or recently encysted cercariae were found in the haemocoel 
of the naiad 4 to 5 hours after exposure. The virgula organ and first pair of cephalic 
glands were largely depleted in the encysted forms. 

Metacercaria (Figs. 7-9). Experimentally infected mayfly naiads harbored up 
to 170 metacercariae each ; most of them were located in the abdominal and thoracic 
cavities, but a few developed in the head and thoracic appendages. The cyst is 
formed a few hours after penetration. It is spherical and measures 0.094-0.107 in 
diameter ; the primary cyst wall, of parasite origin, is thin and yields to the move- 
ments of the worm. By 8 days, the cyst increases to 0.117-0.127 in diameter, and 
the cyst wall has attained a thickness of about 0.010. By the 16th day, the cyst is 
0.137-0.155 in diameter with a wall 0.016-0.017 thick and difficult to rupture under 
pressure. At that age, the excretory vesicle is filled with concretions, and spines at 
the anterior end of the body are distinctly larger than in the cercaria. At 33 days, 
the diameter of the cyst is 0.157-0.221 with the primary wall 0.020-0.026 thick. 
After that time, there is little further growth; the largest cyst observed measured 
0.228 in diameter and was from a naiad infected for 106 days. In old infections, 
many of the cysts adhere to muscles of the host and seem to have elicited a tissue 
response giving rise to an outer capsule which is fibrous in appearance. This phe- 
nomenon seems to correspond with “giant cell” or “nodule” formation as described 
by Steinhaus (1949, pp. 205-207). Occasionally such capsules enclose more than 
one cyst. 
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After penetration of the naiad, the stylet persists in the oral sucker of some meta- 
cercariae for varying lengths of time up to 106 days. In others, the stylet is shed as 
early as the 8th day after penetration and may be either embedded in the cyst wall or 
free in the cavity. 

Several metacercariae removed from 44-day-old cysts were studied alive and 
then prepared as whole mounts after fixation with hot corrosive sublimate-acetic 
acid. The following description is based on fixed and stained material : 


Oval in shape, 0.193-0.217 long, 0.092-0.112 wide. Cuticle spinose anteriorly, with spines 
diminishing and disappearing before reaching posterior end of body. Oral sucker round to oval; 
0.031-0.041 long, 0.033-0.036 wide. Mouth terminal to subterminal. Ventral sucker spherical, 
nearly equatorial, slightly smaller than oral sucker, 0.025-0.030 in diameter ; average sucker ratio 
1.24:1.00. Prepharynx short, its length at most 0.3 that of pharynx; pharynx transversely oval 
to spherical, 0.014-0.016 long, 0.016-0.020 wide. Esophagus length 0.7-1.7 that of pharynx. 
Intestinal bifurcation %4 to 1/3 body length from anterior end. Ceca simple, saccate, with dis- 
tinctly epithelial wall, not reaching beyond level of testes. Testes differentiated, but not well 
developed, 0.030-0.044 long, 0.027-0.033 wide, symmetrical to slightly diagonal and entire to 
slightly irregular. Ovary dextral and pretesticular, partly overlapping ventral sucker, sub- 
spherical, entire, 0.015-0.022 in diameter. Primordia of genital end organs dorsal, lateral, and 
anterior to ventral sucker. Vitellaria, seminal receptacle, and uterus not evident. Excretory 
bladder V-shaped, distended, with round concretions up to 0.012 in diameter. Other features of 
excretory system not determined. 


A peculiar phenomenon was observed in mayfly naiads and subimagos examined 
after infections were 74 days old. The tough inner cyst wall frequently was altered ; 
in some cases it was thinner throughout than in younger metacercariae, or in several 
pieces held together by the adventitious layer. In other metacercariae, the inner 
wall thinned and disappeared at a point usually adjacent to the anterior end of the 
enclosed worm, but retained its full thickness elsewhere. As the thinning process 
seemed to occur from the inside of the cyst, it probably was due to the enzymatic 
action of the cephalic glands, abrasion by the anterior cuticular spines, or to both. 
The worm shows considerable motility within the cyst and whether the thinning 
occurs at one or several places thus could depend on the extent to which the worm 
shifts its position to attack the wall. In such metacercariae, the parasite either 
emerged from the cyst spontaneously after the mayfly naiad was killed or it could be 
induced to do so by slight cover glass pressure, whereas younger metacercariae were 
extremely difficult to remove from the cyst. Although infected naiads were held for 
several weeks after the age at which the cyst wall became weakened, the worms never 
emerged spontaneously within the living mayfly. They may be capable of doing so 
however, for McMullen (1936) found the metacercariae of M. chordeilesia free in 
the body cavity of mayfly naiads. However, the author has found another meta- 
cercaria free in the body cavity of these insects (unpublished data), and it may be 
that McMullen confused such a form with the metacercariae of the present species. 

The occurrence of unencysted metacercariae in second intermediate hosts has 
been reported for several trematodes, sometimes accompanied by progenesis, i.e. 
development to full maturity and becoming ovigerous. One such case was reported 
for a lecithodendriid by Hall (1957). The phenomenon described above suggests 
that in some instances at least, such free metacercariae may be encysted at an earlier 
phase of their sojourn in the second intermediate host. 

The age at which metacercariae of M. chordeilesia become infective for the defini- 
tive host was not determined. The youngest ones fed to day-old chicks were in 
naiads exposed to cercariae 42 days earlier, and proved to be infective. Metacercariae 
111 days of age likewise yielded many mature worms when fed to a hamster. 
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Adult (Figs. 10-12). Numerous ovigerous specimens of M. chordeilesia were 
obtained from experimentally infected hosts as well as one naturally infected wood 
pewee (Contopus virens) shot over a stream where infected snails were collected. 
Additional specimens from the nighthawk (Chordeiles minor) and a purple martin 
(Progne subis) were loaned by Dr. D. B. McMullen. The measurements he gave 
in the original description of M. chordeilesia were averages apparently based on 
specimens from the nighthawk which were considerably larger than those from the 
purple martin, wood pewee, and experimental hosts. It thus seems that the night- 
hawk is a more favorable host of M. chordeilesia than other animals in which that 
species can develop to maturity. 

The diagnoses of the genus Mosesia as given by Travassos (1928) and Skar- 
bilovich (1948) would exclude M. chordeilesia. It is therefore desirable to emend 
the diagnosis of the genus as follows: 


Mosesia char. emend. 

Lecithodendriidae, Lecithodendriinae, Tribe Phaneropsolea. Small trematodes with spinose 
cuticle. Suckers subequal, ventral sucker pre-equatorial. Prepharynx short, esophagus mod- 
erately long, intestinal bifurcation about midway between suckers. Ceca narrow to inflated, 
extend to or well posterior to level of ventral sucker but not into posterior half of hindbody. 
Genital pore ventral, to left of mid-line, near, or well anterior to, ventral sucker. Cirrus sac 
arcuate, dorsal to, or to left of, ventral sucker ; containing cirrus, coiled tubular seminal vesicle, 
and numerous prostatic cells. Testes symmetrical, slightly irregular to distinctly lobed, situated 
near or slightly anterior to mid-level of hindbody. Vitelline follicles in lateral fields occupying 
% to 1/3 length of body, mostly in forebody or about equally divided between that region and 
hindbody. Ovary dextral, between or anterior to testes, lobed or entire. Uterus fills most of 
post-testicular space, sometimes overlapping testes, with ascending limb passing anteriorly 
between testes and to left of cirrus sac; eggs small, operculate. Excretory vesicle V-shaped ; flame 
cell formula 2 [(n+n+n)+(n+n+n)]. Cercaria, where known, of the virgulate type, develop- 
ing in prosobranch snails and encysting in aquatic insects. 


The following redescription of M. chordeilesia is based on material from both 
experimentally and naturally infected hosts: 


Mosesia chordeilesia McMullen, 1936 
Synonym: Cercaria neustica Seitner, 1945 


With the characters of the genus. Body length 0.228-1.200, width 0.214-0.822, cuticle with 
numerous spines anteriorly, gradually decreasing in number and disappearing near posterior end. 
Oral sucker usually larger than ventral sucker, 0.035-0.068 long, 0.040-0.083 wide; mouth sub- 
terminal to terminal. Ventral sucker pre-equatorial, 0.036-0.066 long, 0.031-0.068 wide; sucker 
ratio 1.02-1.21: 1.00. Prepharynx length not over 1/3 that of pharynx; pharynx transversely 
oval to spherical, 0.018-0.035 long, 0.020-0.040 wide; esophagus length 1.2-5.8 x that of pharynx; 
ceca slender to saccate, terminating lateral to testes. Genital pore well anterior to ventral 
sucker, near arch of left cecum. Gonads considerably larger in young worms from experimental 
infections (3-6 days) than in older ones (10-29 days). Testes subequal, entire to slightly irreg- 
ular, 0.048-0.250 long, 0.043-0.235 wide. Ovary rounded to irregular in contour, 0.041-0.178 long, 
0.040-0.170 wide. Oviduct with a distinct fertilization chamber. Laurer’s canal enlarged to form 
a small seminal receptacle. Eggs moderate to numerous. Excretory bladder V-shaped, may 
reach testes; primary tubules divide near anterior margins of testes; flame cell formula 2 
[(2+2+2) + (2+2+2)]. 

Hosts: (Natural) Chordeiles minor, Progne subis, Contopus virens; (Experimental) canary, 
chick, and golden hamster. 

Site: Small intestine. 

Localities: Douglas Lake, Michigan; Tippecanoe County, Indiana. 


Egg and Miracidium (Fig. 13). The eggs are operculate, 0.027-0.034 long and 
0.014-0.019 wide. They usually complete their development in the uterus of the 
adult worm, but partially formed miracidia in eggs removed from worms seemed to 
continue their development normally when placed in tap water. No evidence of 
hatching was observed in embryonated eggs held up to 20 days in water. 
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The anterior half of the miracidium contains a symmetrical pair of granular 
refractile bodies which may be cephalic glands ; what appear to be their ducts open on 
the terebratorium. Two less distinct structures in the posterior half of the mira- 
cidium may be germinal material. Eyespots are absent and flame cells were not seen. 

Although attempts to infect the snail were unsuccessful, it is believed that eggs 
containing miracidia are eaten by that host. Presumably they hatch in the intestine 
and migrate to the digestive gland to form complex primary sporocysts within which 
develop the secondary sporocysts giving rise to cercariae. 


DISCUSSION 


Location of the primary excretory pores at the body-tail furrow in the cercaria of 
Mosesia chordeilesia was to be expected from other studies on the embryology of 
the excretory system and confirms the allocation of the Lecithodendriidae to the 
Superfamily Plagiorchioidea by McMullen (1937). 

Experimental demonstration of the life history of M. chordeilesia has shown that 
the cercaria of that species is a virgulate form as in most of the known life histories in 
the family Lecithodendriidae. It also explains why the cercaria that McMullen 
thought might be the larva of M. chordeilesia was unable to penetrate the second 
intermediate host. Of the remaining life histories, virgulate cercariae have been 
implicated except in 2 species, Prosthodendrium (= Lecithodendrium) chilostomum 
and Pleurogenes claviger. Actually Brown described a hypothetical cercaria for P. 
chilostomum. He derived it from the structure of young metacercariae and did not 
report finding such a cercaria, let alone performing controlled penetration experi- 
ments. Furthermore, Abdel Azim (1936) observed in P. (= Lecithodendrium) 
pyramidum, that after the cercaria reaches the thoracic and abdominal segments of 
the mosquito larva “the first change to take place is the disappearance of the stylet 
glands and the virgula organ.” Also his figures indicate that the first pair of cephalic 
glands and the virgula organ are absent in still unencysted metacercariae. It thus is 
the writer’s opinion that the cercaria of P. chilostomum may well be of the virgulate 
type, and that the virgula organ probably is lost soon after penetration as in P. pyra- 
midum and hence was not seen by Brown. Certainly there is little ground for the 
suggestion of Macy and Moore (1954) that P. chilostomum be transferred to the 
genus Travassodendrium on the basis of the cercaria when its type has not been 
established. 

The remaining lecithodendriid for which a non-virgulate cercaria has been 
reported is Pleurogenes claviger, for which Mathias and Vignaud (1935) gave a 
brief account of the life cycle. They described without figures a microcotylous 
xiphidiocercaria which had 3 pairs of cephalic glands and was observed to penetrate 
beetle and caddis fly larvae. Adults of P. claviger were obtained by feeding infected 
larvae to amphibians, but it was not certain from their paper that their experiments 
were sufficiently controlled to demonstrate that the metacercaria was the same species 
as the cercaria they used. For another species of Pleurogenes, P. japonicus, Shibue 
(1953) used apparently well controlled experiments and found that the cercaria was 
of the virgulate type. It is unlikely that within the same genus one species has a 
virgulate cercaria while the other does not. However it is possible that Mathias and 
Vignaud overlooked that structure because the virgula can be very small and incon- 
spicuous in certain species such as one the writer encountered during the present 
investigation (unpublished data). It may be added that some of the microcotylous 
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cercariae resemble virgulate species so closely as to suggest that they, as well as 
virgulate forms, may be members of the Lecithodendriidae. Further life history 
studies are needed to test that possibility. 

Travassos (1928) placed the genus Mosesia in the “Pleurogeninae,” apparently a 
misspelling of the subfamily Pleurogenetinae Looss. Neiland (1951) included this 
genus in a list of genera of the subfamily Pleurogenetinae. In that subfamily as 
defined by Looss (1899, p. 615), a cirrus sac is present and the genital pore is to one 
side of the midline. Skarbilovich (1948) restricted the subfamily to genera in which 
the genital pore is at the edge of the body and removed Mosesia to the tribe Phane- 
ropsolea, subfamily Lecithodendriinae, which she reserved for genera in which the 
cirrus sac is well developed and the genital pore is preacetabular and median except 
in Mosesia where it is displaced to the left. Since Mosesia adults show affinities for 
both the Pleurogenetinae and the Lecithodendriinae, the subfamily to which this 
genus should be assigned is a matter of conjecture. Although Skarbilovich’s classi- 
fication is arbitrary in many respects, it is the most recent comprehensive review of 
the family, and there appears as yet no basis for the proposal of a more natural 
scheme. Such may be possible when more life histories have been determined. It 
may or may not be significant that in the known ones, the cercariae with 4 pair of 
cephalic glands become adults in which the genital pore is situated to the left of the 
midline. However, that location of the pore occurs also in Mosesia chordeilesia and 
Allassogonoporus vespertilionis which develop from cercariae with 3 pair of cephalic 
glands. 

Other characters which may prove to be useful for separating the lecithodendriids 
into subfamilies are the shape of the excretory bladder and the flame cell formula. 
Though some virgulate cercariae have an excretory pattern of 2 [(3+3+3) 
(3+3+3)], the three for which both the life history and flame cell pattern are 
known have a formula of 2 [(2+2+2)+(2+2+2)]. They are Prosthodendrium 
chilostomum, Mosesia chordeilesia, and Cephalophallus obscurus, which vary greatly 
among themselves in respect to the development of a true cirrus sac and the position 
of the genital pore, characters which have served as the basis for dividing the lecitho- 
dendriids into subfamilies. It thus is evident that no correlation exists between those 
characters and the flame cell pattern. It may be concluded that present knowledge of 
lecithodendriid life histories is too limited to aid significantly in clarifying relation- 
ships within the family. 

SUMMARY 

The cercaria of Mosesia chordeilesia is a virgulate species identified as Cercaria 
neustica Seitner which develops in Goniobasis livescens and Pleurocera acuta and 
encysts in naiads of Hexagenia limbata. Adults were obtained by feeding experi- 
mentally infected naiads to chicks and a hamster. Unencysted metacercariae were 
not found free in the body cavity of the arthropod, but a localized or generalized dis- 
integration of the cyst wall suggests that with age the metacercaria may escape. The 
primary excretory pores of the cercaria are in the body-tail furrow. A flame cell 
formula of 2 [(2+2+2) + (2+2+42)] was observed in both the cercaria and adult. 
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EXPLANATION OF PLATE 


Figures 2, 3, and 4 are drawn to the same scale; figures 7, 8, and 9 are represented at 
0.59 x that magnification. 

Ficure 1. Living sporocyst. 

Ficures 2-3. Cercarial embryos showing excretory system. 

Ficure 4. Fully developed cercaria, ventral view. 

Figure 5. Same, stylet enlarged, ventral view. 

Ficure 6. Same, outline of virgula organ in living specimen, ventral view. 

Ficure 7. Day-old metacercaria removed from mayfly naiad. 

Ficure 8. 42-day-old metacercaria from mayfly naiad. 

Figure 9. 44-day-old metacercaria removed from cyst. 

Ficure 10. Mature adult from chick 3 days after feeding, ventral view. 

Ficure 11. Same, female complex enlarged. 

Ficure 12. Same, cirrus sac enlarged. 

Ficure 13. Egg with miracidium, lateral view. 
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STUDIES ON HELMINTH PARASITES FROM THE 
COAST OF FLORIDA. III. 


DIGENETIC TREMATODES OF MARINE FISHES FROM 
TAMPA AND BOCA CIEGA BAYS.* 


FRANKLIN SOGANDARES-BERNAL AND Rosert F. Hutton 


Florida State Board of Conservation Marine Labo:atory** 
Maritime Base, Bayboro Harbor, St. Petersburg, Florida 


The trematodes reported herein were collected from marine fishes or invertebrate 
intermediate hosts. The trematodes collected from intermediate hosts live in marine 
fishes as adults. This publication is a continuation of a series of studies on the 
diseases and parasites of marine animals which is currently being sponsored by the 
Florida State Board of Conservation. 

Acknowledgements are extended to Dr. V. G. Springer, of this Laboratory, for 
identification of some fish hosts. 

Unless otherwise cited, all measurements are in millimeters. 


FAMILY BUCEPHALIDAE Poche, 1907 


1. Prosorhynchus sp. 
H ist: Chilomycterus schoepfi (Walbaum), sniny boxfish, famiiy Diodontidac. 
Inzidence of infection: In 1 of 3 hosts. 
Location: Interradial membranes of all fins. 
Locality: Cabbage Key, Boca Ciega Bay, Florida. 


Immature Prosorhynchus sp. from the spiny boxfish were not saved. Caballero, 
Bravo and Grocott (1953) have reported taking immature Prosorhynchus from the 
kidney of Polydactylus opercularis (= Polynemus opercularis), a threadfin, from the 
Gulf of Panama. To our knowledge, this record of Caballero et al (1953) is the 
only published report of a natural infection of fishes by Prosorhynchus metacercariae 
in this continent. According to Hopkins (1954) other records of larval Prosorhyn- 
chus from fishes may have actually referred to species of other bucephalid genera. 


FAMILY LEPOCREADIIDAE Nicoll, 1935 


2. Diploproctodaeum plicitum (Linton, 1928) Sogandares and Hutton, (in press). 
(Fig. 1) 

Hosts: Chilomycterus schoepfi (Walbaum), spiny boxfish, new host record, family Dio- 
dontidae; and Lagocephalus laevigatus (Linn.), smooth swellfish, family Tetrao- 
dontidae. 

Incidence of infection: In 1 of 3 C. schoepfi, and 1 of 1 L. laevigatus. 

Location: Mid-intestine of C. schoepfi; exact location in intestine of L. laevigatus not ob- 

served. 

Locality: C. schoepfi from Mullet Key, Boca Ciega Bay, and L. laevigatus from approxi- 

mately % mile off Pinellas Point, Tampa Bay, Florida. New locality records. 


A single specimen was collected from each C. schoepfi and L. laevigatus. D. 
plicitum has been reported from numerous hosts in the American Atlantic and 
Tropical American Pacific. 


Received for publication October 6, 1958. 
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3. Diploproctodaeum vitellosum n. sp. 
(Fig. 2) 

Host: Lagocephalus laevigatus (Linn.), smooth puffer, family Tetraodontidae. 

Incidence of infection: In 1 of 1 host examined. 

Location: Exact position in intestine not observed. 

Locality: ¥% mile offshore from Pinellas Point, Tampa "Bay, Florida. 

Holotype: U. S. National Museum Helminthological Coll. No. 38385. 

Diagnosis (based on a single specimen) : Body oblong in shape; anterior lateral folds of 
body extend a short distance posterior to acetabulum; 2.132 long by 1.482 wide. Cuticle ap- 
parently unspined ; spines may have been lost during fixation. Oral sucker subterminal, 0.13 to 
0.26 wide. Prepharynx approximately 7% length of pharynx. Pharynx with 6 ventral lobes, the 
bases of which are surrounded by circular muscles which extend the width of anterior end of 
pharynx; 0.13 long by 0.156 wide. Esophagus approximately 1% length of pharynx. Ceca 
extend to posterior end of body opening separately to outside. Acetabulum immediately pre- 
equatorial ; 0.13 long by 0.286 wide. Transverse sucker ratio 1:1.1. Genital pore sinistral at 
anterior border of acetabulum, cirrus sac from genital pore to almost in contact with anterior 
border of ovary; containing unarmed cirrus and internal seminal vesicle approximately in 
posterior 4 sac. External seminal vesicle 34 length of cirrus sac; from posterior end of cirrus 
sac curving sinistrally and dorsal to ovary. Ovary sinistral to midline, in contact with testes; 
multilobed ; 0.286 long by 0.286 wide. Uterus ascending intercecally on dextral side of body to 
anterior level of acetabulum, descending dorsal to acetabulum transversing body sinistrally to 
enter a muscular metraterm which is to the left and about % length of cirrus sac. Vitellaria not 
intruding into anterior body folds; covering dorsal portion of body from level of oral sucker to 
fill hindbody dorsally and ventrally. Eggs thin-shelled; collapsed eggs measure 73 to 76 microns 
long by 46 microns wide. Excretory vesicle not observed. 

The name vitellosum is to indicate the extensive vitelline glands. 

There are 6 species in the genus Diploproctodaeum La Rue, 1926. These species 
are: D. haustrum (McCallum, 1918) La Rue, 1926, genotype; D. plicitum (Linton, 
1928) Sogandares & Hutton, (in press) ; D. cryptostoma (Ozaki, 1928) Sogandares 
& Hutton, (in press); D. holocentri (Yamaguti, 1942) Sogandares & Hutton, (in 
press) ; D. tetraodontis (Nagaty, 1957) Sogandares & Hutton, (in press) ; D. hem- 
istoma (Ozaki, 1928) Sogandares & Hutton, (in press). 

Sogandares & Hutton (in press) have discussed the status of the genus Diplo- 
proctodaeum La Rue, 1926. Caballero, Bravo and Grocott (1952) considered D. 
holocentri a synonym of D. hemistomum. Caballero et al (1952) apparently confused 
the anterior parenchymal gland cells figured by Ozaki (1928) with vitellaria, and 
stated that they could find no differential character in the anterior extent of the 
vitellaria of the two species and that since egg size is very variable in other species 
of the genus, the two species were synonyms. We know through Yamaguti (1934) 
and Manter (1947) that Yamaguti had specimens of D. hemistomum in his posses- 
sion at the time he described B. holocentri. We have not seen Yamaguti’s specimens 
of B. holocentri, but assume that if he had specimens of B. hemistomum, he compared 
the two taxons before describing D. holocentri. So far as the descriptions of B. 
holocentri and B. hemistoma are concerned, the two taxons appear to be distinct. 

There are 2 species of Diploproctodaeum in which the vitellaria extend anteriorly 
to the level of the pharynx. These species are: D. holocentri and D. tetraodontis. 

D. vitellosum differs from D. holocentri as follows: (1) The genital pore is at 
sinistral anterior border of acetabulum rather than at sinistral posterior border of 
acetabulum; (2) external seminal vesicle overlaps the ovary; (3) vitellaria extend 
dorsal to posterior border of oral sucker as compared with vitellaria extending only 
to pharynx ; (4) the pharynx has 6 ventral anterior lobes ; and (5) the posterior tip 
of the cirrus sac is almost in contact with ovary rather than halfway between ace- 
tabulum and ovary in D. holocentri. 
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D. vitellosum differs from D. tetraodontis as follows: (1) The pharynx is smaller 
than oral sucker; (2) the acetabulum is pre-equatorial; (3) the prepharynx is 
approximately 4 length of the pharynx as compared with prepharynx lacking; (4) 
the esophagus is approximately 14 length of the pharynx as compared with esopha- 
gus lacking ; (5) the ovary is sinistral to midline and separated from acetabulum by 
about a distance equivalent to length of acetabulum as compared with ovary median 
and overlapping or immediately behind posterior border of acetabulum; and (7) the 
genital pore is sinistral and level with anterior border of acetabulum rather than 
near posterior border of pharynx. 

D. vitellosum differs from D. haustrum, D. cryptostoma, D. hemistomum and D. 
plicitum by possessing vitellaria which extend anterior to level of the oral sucker or 
a short distance beyond. D. vitellosum further differs from B. cryptostoma as fol- 
lows: (1) The pharynx with 6 ventral lobes; (2) the posterior tip of the cirrus sac 
extends posterior to acetabulum, coming almost in contact with ovary, as compared 
with posterior border of cirrus sac less than 4 distance between acetabulum and 
ovary. B. vitellosum further differs from D. hemistoma by (1) possessing a shorter 
post-testicular space; (2) ovary separated from the acetabulum by less than one 
acetabular length as compared with ovary separated from acetabulum by two acetab- 
ular lengths; (3) genital pore level with anterior edge of acetabulum as compared 
with genital pore immediately behind acetabulum, close to it on the left side; and 
(4) internal seminal vesicle in posterior 4 cirrus sac as compared with internal 
seminal vesicle in posterior 1/7 cirrus sac. D. vitellosum differs from D. plicitum 
as follows: (1) cirrus sac almost in contact with ovary as compared with cirrus sac 
from 4 to % distance from acetabulum to ovary ; (2) external seminal vesicle over- 
lapping ovary dorsally ; (4) ovary level with sinistral side of body as compared with 
ovary anterior to foretestis almost in the midline of body (the most constant char- 
acter which we have been able to observe in D. plicitum), and vitellaria coalescing 
anterior to acetabulum as compared with vitellaria never coalescing anterior to ace- 
tabulum. D. vitellosum differs from D. haustrum as follows: (1) in all above men- 
tioned details in which D. vitellosum differs from D. plicitum,; (2) the anterior part 
of the body is broadly rounded as compared with sagittate in D. haustrum; (3) the 
esophagus is about the length of pharynx as compared with esophagus longer than 
pharynx in D. haustrum. 

4. Multitestis rotundus Sparks, 1954 
(Figs. 3 to 5) 

Host: Archosargus probatocephalus (Walbaum), sheepshead, family Sparidae. 

Incidence of infection: In 1 of 3. 

Number: In excess of 150. 

Location: Pyloric ceca. 

Locality: Bayboro Harbor, Tampa Bay, Florida; new locality record. 

Our specimens of M. rotundus differ from those described by Sparks (1954) in 
possessing a more elongate body and a variable number of testes. The right side 
and left side of the body, respectively, may have the following combinations of testes : 
44, 4-5, 54, 5-6, 6-5 and 6-6. M. rotundus is known from Port Aransas, Texas 
(Sparks, 1954), from Grande Isle, Louisiana (Sparks, 1958) and now from Tampa 
Bay, Florida. 


FAMILY ACANTHOCOLPIDAE Liihe, 1909 
5. Stephanostomum ditrematis (Yamaguti, 1939) Manter, 1947 
(Figs. 6 to 7) 
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Host: Caranzx hippos (Linn.) ; common jack; family Carangidae. 
Incidence of infection: In 1 of 1 host examined. 

Location: Rectum. 

Locality: Bayboro Harbor, Tampa Bay, Florida; new locality record. 


The only other record of S. ditrematis from C. hippos is by Linton (1940) who 
named and described Stephanostomum filiforme from this host in Woods Hole, 
Massachusetts. Manter (1947) has indicated that S. filiforme Linton, 1940, is a 
synonym of S. ditrematis and we agree with this synonymy. S. ditrematis is a 
parasite of carangids in Woods Hole, Massachusetts, Tortugas, Florida, Bimini, 
B.W.I., and the Tropical American Pacific. 

Contraction of the posterior end of the body has caused a rather short post- 
testicular space in the specimen pictured in Figure 6. Other specimens in the same 
collection are as pictured by Yamaguti (1939). 

6. Stephanostomum sp. 
(Figs. 8 to 9) 

Host: Acanthostracion tricornis (Linn.) ; cowfish; family Ostraciidae. 

Incidence of infection: In 1 of 1 host. 

Location: Encysted on pericardial membrane. 

Locality: Bayboro Harbor, Tampa Bay, Florida. 

The immature worm from A. tricornis possesses 36 peribuccal spines and a 
sucker ratio of 1:0.94. Immature Stephanostomum spp. have been reported from 
the flesh, fins and liver of some marine fishes. This is the first record of a Steph- 
anostomum immature from the pericardial membrane of a fish. 

Ten species of Stephanostomum with 36 peribuccal spines have been named. 
These species are: S. carangium (Yamaguti, 1951) Caballero, 1952; S. casum (Lin- 
ton, 1910) MacFarlane, 1934; S. cesticillum (Molin, 1858) Looss, 1899; S. ceyloni- 
cum (Lihe, 1906) Caballero, 1952; S. coryphaenae Manter, 1947; S. ditrematis 
(Yamaguti, 1939) Manter, 1947; S. minutum (Looss, 1901) Manter, 1940; S. 
nipponicum Yamaguti, 1953; S. pristis (Deslongchamps, 1824) Looss, 1901; and S. 
sentum (Linton, 1910) Manter, 1947. Of these, S. casum, S. coryphanenae, S. 
ditrematis and S. sentum are the only species of the genus known from this conti- 
nent. With the exception of S. ditrematis, our immature Stephanostomum specimen 
from A. tricornis differs from all of these species by possessing an acetabulum which 
is smaller than the oral sucker. S. casum, S. coryphaenae, and S. sentum may per- 
haps be further eliminated by the arrangement and size of the peribuccal spines. 
The shape, size and arrangement of the peribuccal spines suggest S. ditrematis 
which is a parasite of carangids in the Tampa Bay area. In addition, the specimens 
of S. ditrematis collected from this area possess a sucker ratio of from 1: 0.098 to 
1:1.2, almost within the ratio given above for our immature Stephanostomum sp. 
This report may represent an accidental larval infection, as it would be difficult to 
conceive of carangids feeding on trunkfishes. It may also be that our larval specimen 
is a species different from S. ditrematis. For this reason, it is listed as Stephanosto- 
mum sp. 

7. Stephanostomum promicropsi Manter, 1947 
(Figs. 10 to 11) 
Host: Promicrops itiara (Leichenstein) ; jewfish; family Serranidae. 
Incidence of infection: In 1 of 1 host examined. 


Location: i,ectum. 
Locality: Tampa Bay, Florida, new locality record. 


S. promicropsi is also known from Tortugas, Florida. This record is the 
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northernmost for the species. An outstanding feature of S. promicropsi is that the 
vitellaria ventral to the ceca are interrupted at the level of the testes. 


FAMILY OPECOELIDAE Ozaki, 1925 
8. Opecoeloides fimbriatus (Linton, 1934) n. comb. 
(Figs. 12 to 16) 

Host: Penaeus duorarum Burkenroad ; pink shrimp; family Penaeidae. 

Location: Encysted in various sites or organs within cephalothorax. 

Locality: Gandy flats, Tampa Bay, Florida. 

This trematode was originally reported from the pink shrimp by Woodburn et al 
(1957). They correctly identified the species to familial level and furnished a 
photomicrograph. This study presents a more detailed account of the metacercaria 
from the pink shrimp. 

Manter (1934) described Cymbephallus fimbriatus, ascribing the name to Linton 
in press. Later (1941) Hopkins reported the flame cell pattern of Cymbephallus 
fimbriatus Linton, 1934 collected from Bairdiella chrysura in Beaufort, North Caro- 
lina. Von Wicklen (1947) named the genus Fimbriatus with Cymbephallus fimbri- 
atus Linton, 1934 (in Manter, 1934) as type species. Von Wicklen (1947) did not 
actually observe the type specimen of Fimbriatus fimbriatus (Linton, 1934), 
(USNM No. 8266), but instead had one of her colleagues, Mrs. Marjorie Jean 
Raecke Prince make the observations. Mrs. Prince observed 2 ani in Linton’s type 
material. On the basis of the presence of two ani in Cymbephallus fimbriatus, Von 
Wicklen erected the genus Fimbriatus. The genus was, in addition, characterized 
by possessing an accessory sucker, and a protrusible acetabulum with fimbriated 
lobes. Our metacercarial specimens from the shrimp possess all of the characteristics 
of Fimbriatus fimbriatus (Linton, 1934) Von Wicklen, 1946 except eggs are lacking 
in the uterus and vitellaria are undeveloped. The presence of 2 ani or of a uroproct 
is dependent upon the contraction of the posterior end of the body in our specimens. 
When live metacercariae were placed under slight coverglass pressure and a small 
amount of neutral red stain added, the intestinal contents as well as the wall of the 
excretory vesicle were colored red. The presence of a uroproct was quite obvious 
in the first specimen observed. A second specimen possessed what appeared to be 
ani. At first it was believed that these two specimens represented 2 different genera. 
Close observation of the latter specimen showed that the two ani and the excretory 
vesicle formed a uroproct by involution of the posterior end of the body (Figs. 14 to 
16). Observations of additional specimens under purposely varied coverslip pressure 
showed that the intestinal contents could be forced into the excretory bladder when 
the uroproct was formed, (Figs. 14 and 15). When the posterior end of the worm 
was dilated in the same specimen (Fig. 16), the intestinal contents would extrude 
from each cecum directly to the outside. We believe that when the uroproct is 
formed very close to the posterior end of the body it does not serve as a good generic 
character. Perhaps the presence of ani or of a uroproct may be of generic value 
when there is a distinct separation of the ani from the excretory pore. Since Fim- 
briatus is monotypic, and the presence of ani or of a uroproct is dependent upon 
contraction of the posterior end of the body, Fimbriatus Von Wicklen, 1946 is here 
considered a synonym of O pecoeloides Odhner, 1928. Fibriatus fimbriatus (Linton, 
1934), Von Wicklen, 1946, becomes Opecoeloides fimbriatus (Linton, 1934) n. 
comb. Hopkins (1941) has indicated that O. vitellosus (Linton, 1934) Von Wick- 
len, 1946 may be distinguished from O. fimbriatus by the presence of minute rodlets 
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in the parenchyma of the former species. Our metacercarial specimens of Opecoe- 
loides fimbriatus lacked these minute parenchymal rodlets. For this and the other 
above mentioned reasons, our specimens have been considered to be Opecoeloides 
fimbriatus. 


FamILy Monorcuipae Odhner, 1911 


9. Lasiotocus minutum (Manter, 1931) n. comb. 
(Figs. 17 to 19) 

Host: Fundulus similis Baird & Girard; family Poecoeliidae. 

Incidence of infection: In 3 of 3 hosts. 

Location: Anterior ¥% intestine. 

Locality: S. E. Beach Drive, St. Petersburg, Florida. 

Specimens of a trematode which we believe to be Proctotrema minuta (Manter, 
1931), Manter, 1942 were collected from Fundulus similis in St. Petersburg, Florida. 
Our specimens differed slightly from Manter’s (1931) description of P. minuta from 
Menidia menidia and Fundulus majalis, in Beaufort, North Carolina. The egg size 
of our material is 16 to 20 microns long by 12 to 16 microns wide as compared with 
16 to 17 microns long by 7 to 8 microns wide as given by Manter (1931). The 
specimen pictured in Figure 7 shows the eggs extending only a slight distance be- 
hind the testis. In other specimens in our collection, the eggs extend to the pos- 
terior end of the body. The genital atrium of most of our specimens is everted due 
to cirrus and metraterm protrusion. Careful examination reveals no spines to be 
present other than on the metraterm (Fig. 18), cirrus (Fig. 19), and cuticle. 

According to Manter’s (1942) interpretation, Genolopa minuta Manter, 1931 
shares the unspined genital atrium in common with species of Proctotrema Odhner, 
1911. Accordingly Manter (1942) transferred G. minuta to the genus Proctotrema. 
Yamaguti (1953) synonymized Proctotrema Odhner, 1911, with Lasiotocus Looss, 
1907. We agree with this synonymy, but do not agree with Yamaguti (1953) in 
leaving Proctotrema minuta (Manter, 1931) Manter, 1942 in the genus Genolopa 
Linton, 1910. Proctotrema minuta (Manter, 1931) Manter, 1942 (Synonym: 
Genolopa minuta Manter, 1931) becomes Lasiotocus minutum (Manter, 1931) n. 
comb. 


FAMILY ZOOGONIDAE Ohdner, 1911 


10. Diphterostomum americanum Manter, 1947 
(Figs. 20 to 21) 

Hosts: Gobiosoma robustum Ginsburg, goby, family Gobiidae ; Lagodon rhomboides (Linn.), 
pinfish, family Sparidae; and Opsanus beta (Goode & Bean), toadfish, family 
Batrachoidiidae ; all new host records. 

Incidence of infection: In 2 of 2 G. robustum, 1 of 4 L. rhomboides, and 1 of 10 O. beta. 

Location: Rectum of all hosts. 

Locality: G. robustum from Mullet Key, Boca Ciega Bay, Florida; L. rhomboides from 
Bayboro Harbor, and O. beta from Snell Isle, Tampa Bay, Florida; new locality 
records. 

Manter (1947) originally described D. americanum from 1 of 6 Brachygenys 
chrysagerus (Giinther) in Tortugas, Florida. Manter (1947) differentiated D. 
americanus from D. brusinae (Stossich, 1899) Stossich, 1904; D. sargus ansularis 
Wlassenko, 1931; D. magnacetabulum Yamaguti, 1938; and D. spari Yamaguti, 
1938 ; mainly by the fact that the genital pore is posterior to the intestinal bifurcation 
in D. americanum. 

The measurements and proportions of our trematode specimens agree rather 


closely with Manter’s description of D. americanum. The sucker ratios of our 
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specimens range from 1:1.75 to 2.0. The ovary and testes are variable in position, 
depending upon contraction or method of fixation. Sometimes the ovary may be 
entirely dorsal to acetabulum along the median line of body or displaced to one side, 
and at other times the ovary may be posterior to and slightly overlapping acetabulum 
between the testes (Fig. 20). The testes may lie side by side, posterior to or over- 
lapping acetabulum on each side of body. These observations agree with Looss’ 
(1901) findings on D. brusinae as cited by Yamaguti (1934). Figure 21 shows one 
of our specimens with a contracted forebody. The genital pore and cirrus sac remain 
posterior to cecal bifurcation regardless of contraction or extension (Fig. 20) of 
forebody. This report of D. americanum from Tampa and Boca Ciega Bays, Florida, 
represent new host and locality records. The species was formerly known only from 
Tortugas, Florida. 


SUMMARY 


1. The following trematodes all new locality records for Tampa and/or Boca 
Ciega Bays, Florida, are reported: Prosorhynchus sp. (Family Bucephalidae) ; 
Diploproctodaeum plicitum (Linton, 1928) Sogandares & Hutton (in press) ; Diplo- 
proctodaeum vitellosum (this paper) ; Multitestis rotundus Sparks, 1954; (Family 
Lepocreadiidae) ; Stephanostomum ditrematis (Yamaguti, 1939) Manter, 1947; 
Stephanostomum sp.; Stephanostomum promicropsi Manter, 1947; (Family Acan- 
thocolpidae) ; Opecoeloides fimbriatus (Linton, 1934) (this paper) ; (Family Ope- 
coelidae) ; Lasiotocus minutum (Manter, 1931) (this paper) ; (Family Monorchii- 
dae) ; and Diphterostomum americanum Manter, 1947 (Family Zoogonidae). 

2. New host records are as follows: Prosorhynchus sp. (Metacercaria) in 
Chilomycterus schoepfi (Walbaum) ; Diploproctodaeum plicitum in Chilomycterus 
schoepfi (Walbaum) ; Stephanostomum sp. in Acanthostracion tricornis (Linn.) ; 
Lasiotocus minutum in Fundulus similis Baird & Girard; and Diphterostomum 
americanus in Gobiosoma robustum Ginsberg; Lagodon rhomboides (Linn.) ; and 
Opsanus beta (Goode & Bean). 

3. Anew species, Diploproctodaeum vitellosum, is described from Lagocephalus 
laevigatus (Linn.) 

4. New combinations are as follows: Fimbriatus fimbriatus (Linton, 1934) Von 
Wicklen, 1946 becomes Opecoeloides fimbriatus n. comb.; Proctotrema minuta 
(Manter, 1931) Manter, 1942, becomes Lasiotocus minutum (Manter, 1931) n. 
comb. 

5. Information pertaining to the exact location of each trematode species within 
its respective host(s) is given when possible. 
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EXPLANATION OF FIGURES 


Unless otherwise stated, all figures were drawn with the aid of a camera lucida. Scale has 
value indicated in millimeters. 

Ficure 1. Diploproctodaeum plicitum, ventral view of whole mount. 

Ficure 2. Diploproctodaeum vitellosum, ventral view of whole mount. 

Figure 3. Multitestis rotundus, ventral view of whole mount. 

Ficure 4. Same, sketch of ovary to show variation. 

Ficure 5. Same, sketch of ovary to show variation. 

Ficure 6. Stephanostomum ditrematis, ventral view of whole mount. 

Ficure 7. Same, sketch of oral sucker and peribuccal spines, ventral view. 

Ficure 8. Stephanostomum sp., ventral view. 

Ficure 9. Same, sketch of oral sucker and peribuccal spines, ventral view. 

Figure 10. Stephanostomum promicropsi, ventral view of whole mount. 

Ficure 11. Same, sketch of oral sucker and peribuccal spines, ventral view. 

Ficure 12. Opecoeloides fimbriatus, ventral view of whole mount. 

Figure 13. Same, en face view of acetabulum to show fimbriations. 

Ficure 14. Same, sketch showing fully formed uroproct. 

Ficure 15. Same, sketch showing a slight uroproct formation. 

Ficure 16. Same sketch showing ani opening separately from excretory vesicle. 

Ficure 17. Lasiotocus minutum, lateral view of whole mount. 

Ficure 18. Same, metraterm spines. 

Figure 19. Same, cirrus spines. 

Figure 20. Diphterostomum americanum, dorsal view of whole mount. 

Ficure 21. Same, dorsal view of anterior end of body of a different specimen from that pic- 

tured in figure 20. 
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OBSERVATIONS ON THE MEHLIS’ GLAND COMPLEX IN THE 
LIVER FLUKE FASCIOLA HEPATICA L. 


K. HANUMANTHA Rao* 
Department of Zoology, University of Leeds 


The Mehlis’ gland or the so-called shell gland is a well-known feature of the 
reproductive system of the trematodes and cestodes, and consists of a series of gland- 
ular structures surrounding the ootype, the tube connecting the oviduct to the 
uterus. These glands vary in number and arrangement in the different groups and 
species. This gland is particularly well developed in the liver fluke, F. hepatica, 
where its huge size has made it difficult to appreciate its relationship with the compli- 
cated system of ducts embedded in it. In consequence there has been a conflict in 
interpretation (Stephenson, 1947, Yosufzai, 1953) and the purpose of this paper 
has been to attempt some clarification. 


MATERIAL AND METHODS 


Specimens of F. hepatica were obtained from the liver of freshly killed sheep in the Leeds 
abattoir. The specimens were washed in saline and fixed in alcoholic Bouin’s without applying 
any pressure. For whole mounts the flukes were fixed in 70% alcohol and stained with 1% Fast 
Red Salt B (suggested by Professor J. D. Smyth), after which staining with Alum Carmine or 
Light Green was found useful. Sections 10-12 microns were stained by the PAS-Light Green, 
Aqueous Azur I, Azur-Schiff (Kasten, 1957) and the regular Feulgen techniques to gain a 
knowledge of the nature of the cell contents. 


OBSERVATIONS 


With carmine staining the Mehlis’ gland appears as an oval mass (Plate I, Fig. 
1, MG) which obscures the ducts, but it remains unstained with Light Green (Fig. 
2, MGR), and the ducts are clearer. The terminal portions of the oviduct (OD) and 
the median vitelline duct (VD) join and open in a wider thick-walled straight tube, 
the ootype (OT), which is the central region of the Mehlis’ gland complex (Text- 
figure 1). The oviduct traverses the glandular mass to meet the Laurer’s canal 
before joining the median vitelline duct. This canal (LC) passes to the dorsal 
surface as a narrow tube. Occasionally ova are found in the canal. The short 
median vitelline duct is narrow and comes from a conspicuous vitelline reservoir 
(VR) into which the 2 transverse vitelline ducts (TV) open. The ootype (Fig. 3), 
whose walls are clearly cellular, has been described by Stephenson (1947) as the 
central chamber of the Mehlis’ gland. Ova and vitelline cells can be distinguished 
as they pass through the ootype into the uterus proper (UT). They are bathed in 
a secretion of the Mehlis’ gland, which consists of minute granules (MGS) infiltrat- 
ing into the lumen of the ootype through the cells of its walls. The entrance of the 
ootype into the uterus proper is guarded by a well-defined uterine valve (Fig. 3, 
UV)—the “non-return valve” of Stephenson—which regulates their passage and 
prevents regurgitation. Once in the proximal part of the uterus the vitelline cells 
extrude granules which coalesce to form larger spherules (SG). Later these join to 





Received for publication November 10, 1958. 
* Permanent address: Department of Zoology, Andhra University, Waltair, India. 


347 





348 THE JOURNAL OF PARASITOLOGY 


a 


Text-Figure 1. Diagram of the Mehlis’ gland complex in Fasciola hepatica showing the 
relationships of the ducts and the gland. 

Key to Lettering: BC: Body cuticle; ESF: Egg shell formation; LC: Laurer’s canal; 
MG: Mehlis’ gland; MGR: Mehlis’ gland region; MGS: Mehlis’ gland secretion; OD: Ovi- 
duct; OT: Ootype; OV; Ovum; SG: Shell granule; TV: Transverse vitelline duct; UT: 
Uterus; UV: Uterine valve; VC: Vitelline cells massed behind ovum; VD: Median vitel- 
line duct; VR: Vitelline reservoir. 


form the shell (ESF), while the vitelline cells (VC) form a group of 30 or so 
behind each ovum. During shell-formation the ovum (OV) remains at one pole of 
the egg case with its satellite vitelline cells massed behind. The Mehlis’ gland secre- 
tion could not be observed beyond the region of the ootype. 
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Histochemical Observations 


The vitelline cells in F. hepatica contain glycogen masses as demonstrated by the 
PAS reaction and digestion by saliva. In addition they contain granules which 
stain bright blue with Azur-Schiff (Fig. 6) and pale bluish-green with Aqueous 
Azur (Fig. 5). The bigger spherules formed by the coalescence of these granules 
when they are extruded and the completed egg shell stain in a similar fashion (Fig. 
6). The Mehlis’ gland secretion is Azur-Schiff negative but PAS-positive, so that 
the secreted granules in the ootype appear purple. Hence the Mehlis’ gland secretion 
does not appear to take part in the constitution of the egg shell but would probably 
be connected with the initial release of the shell granules from the vitelline cells. 
When the formation of the egg shell is complete, all trace of Azur positive granules 
in the vitelline cells is lost. The PAS-positive material in these cells in the com- 
pleted egg can be removed by digestion by saliva so that the original type of food 
reserve, namely glycogen, remains unaltered. 

DISCUSSION 

Stephenson (1947) stated that in contrast to other trematodes no ootype is 
present in F. hepatica. He claims this structure as the central chamber of Mehlis’ 
gland, and ova and vitelline cells are passed into the uterus proper by a sudden con- 
traction of this chamber. The Mehlis’ gland strands are described as converging on 
this chamber. However, he failed to observe any definite secretion entering the 
chamber. On the other hand Yosufzai (1953) referred to the central chamber as 
the proximal part of the uterus and figured it as a bulbous capacious region where the 
egg shell is said to be formed as the ova and vitelline cells arrive. He presumed 
therefore that the Mehlis’ gland secretion which enters the bulbous region actively 
takes part in the constitution of the egg shell. This interpretation does not agree 
with the present observations for it is conclusively shown that egg shell-formation 
does not occur anywhere in the ootype and in fact no liberation of shell granules 
takes place until the vitelline cells are beyond the uterine valve to reach the uterus 
proper. Further, a well developed cellular-walled ootype is in fact present. The 
position of the Laurer’s canal conforms with Stephenson’s description but contrasts 
with Yosufzai’s observation that it arises from the region of the “valve” beyond the 
bulbous region. It is evident from these observations that the Mehlis’ gland can- 
not be justifiably called a shell gland. The ootype in this species, apart from linking 
the oviduct and the vitelline duct with the uterus, enables the plentiful secretion of 
the Mehlis’ gland, so highly developed in this species, to pass through the walls of 
the greater part of its length compared with the limited regions found in other spe- 
cies. Finally, it is not possible to offer a contribution to a fuller understanding of 
the functions of the Mehlis’ gland, although it may have some stimulative action 
upon the vitelline cells preparatory to the release of egg shell formative substances. 


SUMMARY 


1. The relationships of the reproductive ducts which lie embedded in the Meh- 
lis’ gland of Fasciola hepatica are described. 

2. Observations on egg shell-formation are made. 

3. The role of Mehlis’ gland is discussed. 
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EXPLANATION OF PLATE I 


Figure 1. Whole mount of Fasciola hepatica showing Mehlis’ gland. (Alum Carmine). 

Ficure 2. Whole mount showing Mehlis’ gland region unstained. (Fast Red Salt B and 
Light Green). 

Ficure 3. Section through ootype, uterine valve and proximal region of uterus. (PAS- 
Light Green). 

Figure 4. Section showing Mehlis’ gland secretion streaming towards ootype. (PAS- 
Light Green). 

Ficure 5. Section showing vitelline reservoir and uterus. Note Mehlis’ gland cells 
stained clearly. (Aqueous Azur I). 

Ficure 6. Section showing vitelline reservoir and uterus, showing egg shell formation. 
Mehlis’ gland cells remain unstained. (Azur-Schiff). 
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StRaIns oF MICE. Joseph Greenberg and Louise P. Kendrick 


Stupies dF THE Virutfyce or, Monosacrertat, CuLrures 6¥ One STRAIN. OF 
Entamdeba histalytita rm THe Guinea Pic. D. Jane Taylor, 
Charles We. Rees, Lucy V. Reardon and Willard H. Wright: 


OBSERVATIONS ON THE Btovocy AND ‘MogpHoLocy’ or. Haemogamasus ‘ambulans 
(THoret.) (AcARINA: HagMOGAMASIDAE). Deane P. Furman 


Ticks, (ACARINA: Ixonomed); ON Rassits AND Ropents or EAsTern \AND 
CENTRAL WASHINGTON. 
Marion Bacon, Charles H. Drake, and Norman G. Miller 
Vogee vestibularis §.G., §.,$P,, A’ Dimepipry Cestone FROM THE INTESTINE OF THE 
Laxcg Grey BApsuer, Argya malcolmi. G..N. Johri 
Tae Errects of Low Temperatures ows Larva, Cestopes AND OtHrr Het- 
MINTHS IN FisH. Douglas K: Hilliard 
Furtusr Srupies on THE Errece OF ABNORMAL Hoér METABOLISM On ‘Schistosoma 
mango: Edwin J. Robinson, Jr. 
StuDIES ON Cahagorneeary oF EXPERIMENTAL ‘SCHISTOSOMIASIS. 
George W. Luttermoser 
Sruntes on BLoop FLUKeEs or tHE: GENUS Sangutnicola, 
; Duane G, Erickson and Franklin G: Wallace 
THE DESCRIPTION OF Acanthatriim beuschleini X.se., A NEw TremMAarTope PARASITE 
or Bats; AND A RE-EVALUATION OF THE Repronucrive System or Acanthat- 
rium sogandorest Cou. AND, Kuntz, 1958. Thomas C. Cheng 
Stupies On Tus, Lire History or Mosesia‘chordcilesia MCMULLEN, 1936 (TREMA- 
TopA Y LectrHODENDRIDAE). John. E, Halt 
Srupies on Hetminto PARASITES FROM:THE Coast or.) Fiorma. ITI. Diceneric 
a a of MAnine Fiswes rroM Tampa ANp Boca Creca Bays. 
Franklin Sogandares-Bernal and Robert F. Hutton 
OBSERVATIONS €N. THE “Mentis’ Gtann Comprex IN THe Liver Fivxe Fasciola 
hepatica L, K. Hanumantha Rao 


Researcm Notes: : 
A’ Merton, ror’ Prepartnc WHOLE Mounts ‘or. MicrdscoPic HrL_MINTHS;: 


«June, 1959. 


(241-247). 
(249.252)' rr 
(253-288) 

wil 
(259-262) 


( 263-267 ) 


Pa 


(269-273) 


(234-290) 


(281-286) 
(287-299) 
(291-294) 
(295-299) 
301-309) 
(310-322) : 
(323-326) 
(327-336) 
(337-346) 


(347-351) 


Thomas D. Pitts, 247. Heteredous spiniger “(Matiopmaca: Booripar) 


FROM Cats IN Sincarorg: Donald H. Colless, 248. Nores on tHe Errecrs 


or Vartovs Antibiotics on Australorbis glabratus: Eli Chernin, 268. ’ Two ' 


New Motruscan IntTermeépiate Hosts ror Paragonimus kellicotti; Paul F. 
Basch, 273. Tue Artwentary System or 4 \PeNTASTOMID FROM THE INDIAN 
WaAter-Swake Natriz, piscator, ScuNneIpeER; K. Hanumantha' Rao and J. 
B. Jennings, 299-300, AworHEer ANOMALY of tHe RePropUctive ORGANS IN 
Ascaris lumbricoides: ‘D. Kendall-Hass. and A C. Todd; 300.; Occurrence 
or Hepatosoonm tn Gray Squrrrets IN ‘Wisconsin: Robert’S. Dorney and 
A. C."Eodd,_309. TETRAHYMENA Infection 1N THE EARTHWoRM: Jiri Lom, 
320. r 
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